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1. PRESENTATION 
The present project is conducted at the request of Clean Energy Research Unit of 
Naresuan University (Thailand). 
Through an internship grant called FARO Global promoted by Fundación General 
de la Universidad de Valladolid, the authoress of this project becomes part of 
Clean Energy Research Unit and is assigned this project to her to be carried out 
in the internship period at aforementioned destination. 
2. ABSTRACT 
This project is conducted to determine the gasification and power generation 
technology needed to supply energy to isolated villages in the North of Thailand. 
Firstly, current affairs of the country in energy sector are analysed in order to 
define the influence of biomass as a renewable energy source. An extensive 
search is performed on the state of art of gasification reactors and other related 
equipments such biomass pretreatments and gas conditioning systems, as well 
as the alternatives of power generation by producer gas to discover the 
possibilities offered.  
Then, the available biomass sources are evaluated and from an energetic study 
is obtained that rice husk is appropriate to meet the power needs. Once known 
raw material is established pretreatment required, in this case only the moisture 
content is modified to adjust to operating conditions of gasifier, therefore is used 
a biomass dryer to procure 10-12% of moisture content in rice husk. The 
gasification process is chosen assessing technology choices that fit certain 
criteria, resulting downdraft gasifier presents a number of advantages over the 
others, such as generation of low tar content gas and its suitability to operate in 
small scale power production. The gasifying agent used for thermochemical 
reactions in the gasifier is air. The conditioning systems of output producer gas 
include a cyclone, a water cleaning and cooling system (Venturi scrubber), a dry 
cooler and granular bed filters. These minimize particulate matter and tar content, 
as well as lower gas temperatures so that the engine input is less than 30ºC with 
40% humidity. The generation set includes an internal combustion engine and 
alternator with output power of 40 kW which provides energy to the remote area 
and at the same time to auxiliary equipment intrinsic to the installation. This 
application of producer gas is chosen in the same way that the gasifier, fulfilling 
some criteria considered important for the development of the project, such as 
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high electrical efficiency and availability of technology. The overall efficiency of 
the gasification power plant achieves 15%. 
Through a list of suppliers are selected those who offer quality equipment, 
information and service among others, acquiring operational and production data 
and energy flows. 
A study of cogeneration is carried out as suggestion for future development of the 
village where the plant is located. 
The economic analysis of the plant is part of the target of the project to determine 
its feasibility, obtaining favourable results for an expected life of 20 years and 
gaining revenue for financing, operation and maintenance of itself. 
Finally, the possible effects of the gasification power plant towards the 
environment are carbon monoxide emissions from the engine, even though lower 
than those from gasoline engines, and collected tars that can be gasified again. 
3. AIM OF THE PROJECT 
The main objective of the project is to define the biomass gasification technology 
for ensuring 30kW of electric supply to remote areas in Thailand. 
On one hand, must be determined the type of biomass fuel, the suitable gasifier 
and obtained producer gas. On the other hand, establish the electrical generation 
technology by using producer gas. Finally, an economic evaluation is conducted 
to define the feasibility of the project. 
Therefore, the project is the analysis of the implementation of a gasification 
power plant in remote places in Thailand. 
4. SCOPE 
The project justifies results obtained by analysing theoretical information and 
experimental data collected from previous studies. Is not carried out gasifier 
testing nor any kind of practical experiments due to the project is based on 
general aspects since it aims to be transferable to any remote point of northern 
Thailand. 
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5. REQUIREMENTS 
 Among different solutions for the project, will be chosen which best suits 
to social, political and economic issues. 
 Optimize the environmental impact caused by project implementation. 
 The chosen technology has to ensure 30 kW of electrical power. 
 Maximize energy efficiency throughout the process. 
6. METHODOLOGY 
Extensive research has done to determine the current state of knowledge of 
biomass gasification technology to obtain reliable data and information sources. 
The latest information about agriculture and residues, energy and economy are 
identified and selected by using public data from online references of different 
government agencies and national institutions. 
The project organization focuses on three stages: 
First stage is about information search, bibliographic inquires and definition of 
project structure and content. This is shaped in first sections of this document 
which after writing down the aim of the project, scope, requirements and 
justification, exposes a brief introduction to the biomass and its main energetic 
features, afterwards describes the status of Thailand  in terms of energy, biomass 
and background, provides a description of the territorial context of the project and 
finally the differences between types of gasifiers and their operating factors as 
well as possible alternatives of electricity generation processes for 
implementation of producer gas.  
Second stage is information processing and selection, choice of investigation 
paths and data analysis. Following sections show the results of the process by 
analysing the current available biomass resources and gasification technological 
conditions and operation. Are also reviewed the energy and mass balances in a 
supporting way which allows to make a suggestion for the future about 
complementing the process with cogeneration. The content of these sections is 
directly related to Annex document which includes all calculations and 
procedures. These sections give an actual solution to the initial approach.  
Third and last stage is to analyse economically the results. The economic 
evaluation defines the feasibility of the project as well as the significance 
economic variables. This section located at the end of this document is related to 
   
 
Rosa Pulido Vendrell 
REPORT 
DESIGNING OF GASIFICATION POWER PLANT FOR REMOTE AREA IN THAILAND 
 
12 of 142 
 
the Budget document which details widely all economic conditions. In this stage 
is also studied the environmental impact of the project. 
7. JUSTIFICATION 
Recently, Thai government has approved a plan for energy development 
(Thailand Power Development Plan 2012-2030) [1] which is based on 
environmental concern, energy efficiency, promotion of renewable energy and 
cogeneration as an efficient method of electricity and heat generation. The need 
of creating this plan arises from the ever increasing energy demand in last years 
and, according to forecasts, tendency keeps growing at around 4% per year. 
At the same time and considering aspects of the plan mentioned above, is 
developed a specific plan regarding renewable energy (Alternative Energy 
Development Plan 2012-2021) [2]. The main target is to encourage and rise 
participation of clean energies and alternative energy uses at 25% instead of 
fossil fuels through economic stimulation policies. 
Currently, in Thailand is carried out a centralized energy model [3], extending the 
electrical grid around the country and as a hub the capital Bangkok. Nevertheless 
the distribution lines are lack of development and maintenance in some places 
and don’t extend towards rural areas mostly in the North. 
In order to confront this model which doesn’t assist rural villages, renewable 
energies gain special prominence. Being the biomass residues a great energy 
source in remote areas due to the high rates of agricultural production. 
The electrical load demanded in these areas is very low, therefore, following 
decentralized energy model, is chosen biomass gasification which is a process 
that can be adapted to small scale use, offering the possibility of energy 
production on-site, without need to resort to country’s electrical grid. In contrast to 
combustion (commonly used for energy production) that obtains high 
performance in larger scale, requiring energy transportation. 
Environmental justifications 
From environmental point of view, the current energy system based on the 
exploitation of fossil fuels, is systematically released an amount of carbon in the 
atmosphere that can’t be absorbed. The application of biomass gasification 
processes to complement the energetic field leading to a reduction of CO2 
emissions, so that would be an advance for dealing with environmental changes. 
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Social justifications 
Environmental and sustainable current ways of thinking have encouraged to pose 
studies of alternative energies use. Nowadays, level of technological 
development about biomass gasification allows the processing and treatment of 
biomass with high energetic efficiency, gaining trade competitiveness.  
The use of biomass energy generates more local employment than any other 
form of energy, per unit. A large amount of unskilled labour is engaged in 
growing, harvesting, processing, transporting and trading the fuels, which 
generates off-farm income for rural populations, either regularly or off-season. 
Economic justifications  
On one hand, is involved the revaluation of a residue and on the other, high price 
of fossil fuels makes this option even more attractive in terms of cost savings. 
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8. INTRODUCTION TO BIOMASS 
8.1. Concept 
Biomass is considered the set of organic materials of vegetal or animal origin, or 
from thereof processing. All this variety has as common link, to derive directly or 
indirectly from photosynthesis process. 
Biomass is a source of renewable energy, thus defined whether, at least, it is 
consumed at slower rate than is produced. It can be used as fuel by burning or 
making biogas or biofuels, it is decomposed by heat into their elementary 
molecules. It is the only renewable source of carbon and can be processed into 
solid, liquid and gaseous fuels and it is the only one that stores sun energy with 
great efficiency [4]. 
 
 
Figure 1: Biomass sources. 
[Source: www.empresaeficiente.com] 
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8.2. Types of biomass 
a. According to its origin 
Biomass is divided in two groups: 
 Vegetal Biomass 
Direct result of photosynthetic activity of plants. Chloroplasts use energy from the 
sun, CO2 from air and water from soil to get carbohydrates. The remains of 
plants, etc., are considered solar energy warehouses. 
 Animal Biomass 
The energy comes from or is result of the biological chain. 
b. According to its obtaining 
There are different kinds of biomass sources: 
 Natural 
Its main feature is no human intervention to get it. Regeneration balance is 
essential in order to maintain production. For instance, the resources generated 
in natural pruning of forests. The use of these resources requires transportation 
management to the exploitation plant and may result, in some cases, 
economically unfeasible. 
 Residues 
The residual biomass is composed of organic waste. It can be obtained naturally 
or as a result of forestry, agricultural or industrial activity developed by man. They 
are the result of civilization development.  
Residues are classified as: 
• Agricultural residues: obtained from agricultural activities, according to 
its origin are distinguished: 
 
- Crop residues: leftovers of crops, such as straws, husks, tree pruning, etc. 
Its availability is affected by harvest season. 
 
- Forestry residues: forest operations residues, such as wood and timber 
waste. Its origin comes from the treatment and utilization of vegetal 
masses. The pruning generated is very good for fuel, so is used for energy 
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purposes due to can be splinter or packaged and also provide good 
economic conditions. Disadvantages are dispersion, accessibility to certain 
areas or humidity, which stops their use as solid fuel. 
 
- Farming residues: referred to animal faeces in farms. 
 
• Industrial residues: arising from industrial production. 
 
• Urban residues: organic nature, found in urban areas. There are two 
types: 
- Municipal solid waste: biodegradable materials. 
 
- Urban waste water: liquids from human activity. 
 
 Energy crops 
Plants grown to be transformed into fuel or other energy purposes. 
8.3. Energetic features of biomass 
8.3.1. Biomass application 
a. Direct application of biomass 
Characterized by obtaining energy by using biomass as fuel. 
b. Indirect application of biomass 
Biomass can also be used in an indirect way converting, through processing 
techniques in new energy sources, industrial products substitutes of fossil fuels. 
8.3.2. Energetic feasibility 
Biomass outcomes used for energy purposes are called biofuels, which 
according to its physical state are classified as: 
 Solid Biofuels 
They are characterized by being composed of organic matter of vegetal or animal 
origin, produced by physical processes, moreover, are likely to be used in energy 
applications. Its origin includes from agricultural crops or forest harvesting, to 
waste produced in agribusiness and forestry. Most characteristic of this type are 
crop residues, splinters, sawdust, pellet and briquettes. 
 Liquid biofuels  
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These products are used as fuel oil replacement or additives. A sample of liquid 
biofuels is biodiesel and bioethanol. 
 Gas biofuels 
Producer gas: obtained by subjecting the biomass to high temperatures in low 
presence of oxygen.  Subsequent use is heat production by direct combustion in 
a burner or power generation as a result of an engine or turbine.  
Biogas: obtained by digesting biomass under anaerobic conditions at a rate of 
dry matter. Its composition varies, but its main compounds are mostly methane 
and carbon dioxide, and to a lesser extent nitrogen, hydrogen, oxygen and 
hydrogen sulphide. Due to the methane high percentage is likely to take 
advantage through combustion in engines, turbines or boilers, either alone or 
mixed with other fuel.  
8.3.3. Advantages 
a. Environmental issues 
 Proper treatment of residues from forests, the benefit will be reflected in: 
• Fire risk decreasing. 
• Use of forest products. 
• Regeneration of main mass. 
• Artificial regeneration of forest. 
• Aesthetic improvement of forest. 
 Increased water retention and decreased soil degradation and erosion 
due to reforestation of different land types. 
 Lower smoke production from biomass boilers, therefore less pollution. 
 Decrease CO2 emission by photosynthesis since during combustion is 
released all what is metabolized without increasing adverse elements in 
atmosphere. 
 No acceleration of global warming. 
 Waste reduction in municipal areas. 
b. Socioeconomic issues 
 Cheaper than conventional energy from fossil fuels. 
 Contribution to rural development. Creating large number of jobs in rural 
areas through promotion of energy from biomass. 
 Less dependence on foreign fuel supplies, thereby freeing the economy 
from market fluctuations of petroleum. 
 Household use. 
   
 
Rosa Pulido Vendrell 
REPORT 
DESIGNING OF GASIFICATION POWER PLANT FOR REMOTE AREA IN THAILAND 
 
18 of 142 
 
 Sustainable development. 
 Ease storage, unlike wind and solar energy. 
8.3.4. Disadvantages 
 Relatively low energy density which represents large amounts to obtain 
energy. 
 Noxious gases generated during combustion. 
 Need to optimize processes to obtain positive energetic balances. 
 Difficult and expensive transportation. 
 Intensive use of forests. 
8.4. Transformation processes of biomass into energy 
Due to the existence of different types of biomass, there are different techniques 
for the transformation into energy. 
a. Thermochemical methods 
Use of organic waste to produce heat by exothermic reactions that convert part of 
chemical energy from biomass into thermal energy. They are the most used in 
dry biomass processing.  
Depending on the amount of oxygen supplied in the transformation, is 
distinguished: 
 Combustion 
Characterized by subjecting biomass to a very high temperature with oxygen 
excess. The process releases carbon dioxide, water, ashes and heat. Used for 
domestic and industrial heating or power generation. 
 Pyrolysis 
Differing from the previous one for null oxygen presence, it is used to obtain 
charcoal and liquid fuels. It releases carbon dioxide and monoxide, hydrogen and 
methane. 
 Gasification 
Set of thermochemical reactions occurring in a low oxygen content environment 
and as result the transformation of a solid in several gases likely to be used in a 
boiler, a turbine or in an internal combustion engine after being properly 
conditioned. Gasification reaches high electric efficiency from biomass energy. 
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b. Biological methods 
Consist of a degradation of molecules by the action of microorganisms in high 
energy density composite. Suitable for biomass with high moisture content. 
Two techniques are employed: 
 Alcoholic fermentation 
Due to solar energy, carbon in plants (sugars normally) is converted into alcohol 
by fermentation in complete oxygen absence. Are obtained biofuels, such as 
bioethanol or biodiesel. 
 Methane fermentation or anaerobic digestion 
Process in which microorganisms decompose wet biomass with no oxygen 
presence. Final product obtained is biogas. 
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9. ENERGY SITUATION IN THAILAND 
As a country in full development process, Thailand has a power consumption that 
rises rapidly, although its situation in relation to some of its neighbouring 
countries such as Malaysia and Singapore is distant. The graph in Figure 2 
shows the upward tendency in energy consumption in latest years: 
 
Figure 2: Energy consumption in Thailand between 2002-2011 [5] [6] [7]. 
Currently, a quite high percentage of energy supply comes from non-renewable 
energy sources and a minimum comes from renewable ones. With the Alternative 
Energy Development Plan 2012-2021 is expected to change the energy model 
increasing at 25% of total consumption the use of renewable energy instead of 
fossil fuels. The graph in Figure 3 shows the power consumption by fuel type in 
2011: 
 
Figure 3: Electricity consumption by fuel type in 2011 [7] [8]. 
In terms of renewable energies, biomass is an important energy source in 
Thailand, energy from agricultural residues represents a high percentage of 
consumption. Main applications are in the domestic sector and small-scale 
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industries, but also increasingly systems for combined heat and power 
generation. The graph in Figure 4 shows the percentage of installed capacity in 
the country of each clean energy technology: 
 
Figure 4: Installed capacity by renewable energy technology in 2011 [7] [8]. 
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10. BIOMASS SOURCE IN THAILAND 
Thailand has a total area of about 51,31 million hectare [9], of which about 41% 
is under cultivation. Agricultural active labour force accounts for 14,87 million [10] 
in October 2012, 38% of the total labour force. 
The main crops are sugar cane, rice, cassava, palm oil, maize and rubber tree. 
Sugar cane and rice are the most important food crops grown in all regions. 
Harvested areas of sugar cane have severely increased in last years due to 
growing markets in Asia, becoming one of the leading exporters in the continent.  
Over 60% of the Thai farmland is devoted to rice. Thailand is among the leading 
rice exporting countries in the world, exporting more than 10,7 million tonnes of 
milled rice annually [11]. 
Expanding agricultural production has naturally resulted in increased quantities of 
crop residues and agro-industrial by-products, these are usually vastly 
underused.  
 
 
 
 
 
 
 
 
 
 
Figure 5: Production of main crops in Thailand in 2012 [12]. 
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11. BACKGROUND OF BIOMASS GASIFICATION IN THAILAND 
In Thailand is conducted extensive research for gasification technologies 
development and also for gas cleaning processes improvement. Many 
gasification plants have been installed in last years, mainly low power although 
there is also a few larger scale. The most common application is thermal energy 
obtaining. Described below some cases of biomass gasification plants in the 
country [13], both electricity and heat generation: 
 Gasification power plant of Supreme Renewable Energy Co. Ltd. At 
Wiang Kaen, Chiang Rai province. 
The installed capacity is 150 kW, the technology used is downdraft gasifier from 
Ankhur Scientific Technologies, India, and it has been modified by German 
engineers. Gasifier is fuelled by corn cobs and wood chips, which are dried by 
natural way in storage or sun dried if needed. Moisture content is 10-12% before 
feeding to the gasifier, this is hourly measured. The size of feedstock is 
maintained at 2 cm diameter and 6 cm length. Gasifier is fuelled continuously 
from the top with a flow rate of 150-224 kg/h. As far, has not occurred fuel 
shortages. 
The producer gas is cleaned and cooled through several stages such wet 
scrubber, cyclone, heat exchanger, water trap and filters. Only about 0,5 kg of tar 
is collected per month. The gas flow rate is about 850 m3/h and heating value 4,5 
MJ/m3. Finally, the gas is sent to an internal combustion engine to produce 
electricity which is sold to Provincial Electricity Authority (PEA) grid. The overall 
efficiency of the plant is 25-30%. The expected life is 20 years. The investment 
cost is 30 million Thai Baht (approx. 750.000 Euro). 
The system needs to be cleaned after every 500 hours of operation. It needs 
about 8 hour cleaning. Ten people are directly employed in the plant. Waste 
water removed from water trap pond is given to farmers to use as organic 
pesticide. 
 Gasification power plant of Agricultural Cooperative at Lam Luk Ka, 
Pathum Thani province. 
This plant is installed under development and demonstration. The technology 
was developed at the Energy and Environmental Engineering Centre, Kasetsart 
University and it was scaled up after a successful pilot plant testing. 
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A downdraft gasifier of 80 kW is installed. Rice husk is used as feedstock in a 
rate of 85 kg/h. There are four zones in the gasifier. First, the drying and pyrolysis 
zone in mounted outside the gasifier reactor by residual heat recovery system 
from the engine. Second, combustion and reduction processes occur inside the 
reactor by using air as gasifying agent. Third, the producer gas is sent to cyclone 
to separate solid particles and then, it is sent to a heat exchanger and a scrubber 
to remove and reduce temperature before being fed to an engine. Fourth, the 
power generator is an internal combustion engine used to produce the electricity 
for a rice mill or to be exported to the grid. 
The gas flow rate is 240 m3/h and heating value of 4,5 MJ/m3. The efficiency of 
gas production is around 92%. The investment cost is 5 million Thai Baht 
(approx. 125.000 Euro) and the estimated payback period is 7 years.  
 Gasification power plant of Thai Ceramic Company at Nong Khae, 
Saraburi province. 
The target of the company is to reduce energy costs in their manufacturing 
process by the gasification power plant. The capacity installed is 4 x 5 MW, total 
of 20 MW. The gasifiers are circulating fluidized bed made by in-house 
technology. Fuel used is rice husk and eucalyptus wood chips when there is 
shortage of rice husk. Fuel rate 0,8-0,9 t/h (20 t/day), moisture content <15% 
stored in a stock yard for drying.  
Producer gas already in high temperature is used at a special gas burner, heat is 
used in spray dryers of ceramic industry. Producer gas temperature is maintained 
at 500 ºC to avoid tar condensation. As long as the final gas use is non-food 
product, system does not need sophisticated technique for gas cleaning.  
The investment cost is 11 million Thai Baht (approx. 276.000 Euro) and the 
estimated payback period is less than 2 years. Expected lifetime of the plant is 
over 5 years. 
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12. DESCRIPTION OF STUDIED AREA 
12.1. Geographic location and environment 
The research area of this project is northern Thailand, where there are small 
villages with no electricity supply. This region is characterised by multiple 
mountain ranges and river valleys, bordering Myanmar and Laos. It has a tropical 
climate, but its relatively high latitude contributes to more pronounced seasonal 
temperature variation [14]. 
The northern region, as defined by the National Geographical Committee in 1978, 
consists of nine provinces which includes most of the mountainous natural region 
of Thai highlands. 
Ref. Province Total area (Km2) 
1 Chiang Mai 20.107,0 
2 Lamphun 4.505,9 
3 Lampang 12.534,0 
4 Uttaradit 7.838,6 
5 Phrae 6.538,6 
6 Nan 11.472,1 
7 Phayao 6.335,1 
8 Chiang Rai 11,678,4 
9 Mae Hong Son 12.671,3 
 
Table 1: Provinces of Northern Thailand [14]. 
        
Figure 6: Thailand provinces (left), Northern Thailand provinces (right) [14]. 
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12.2. Agricultural production in last years 
The main crops in the North are: rice, sugar cane, maize, pineapple, cassava and 
soybean. Being rice the highest production by far. In this region of the country, 
agriculture is hardly extensible because of large jungle areas and mountainous 
relief, however it follows an increasing trend in last years as shows Figure 7. 
 
Figure 7: Production of main crops in Northern Thailand last years  [12]. 
  
0
1.000.000
2.000.000
3.000.000
4.000.000
5.000.000
6.000.000
7.000.000
2009 2010 2011 2012
to
n
e
s 
o
f 
p
ro
d
u
ct
io
n
Soybean
Cassava
Pineapple
Maize
Sugar cane
Rice
   
 
Rosa Pulido Vendrell 
REPORT 
DESIGNING OF GASIFICATION POWER PLANT FOR REMOTE AREA IN THAILAND 
 
27 of 142 
 
13. BIOMASS GASIFICATION TECHNOLOGIES 
As shown in previous sections, the available biomass in the northern part of 
Thailand is solid biofuels. Is adopted gasification as technological solution due to 
the main objective is production of electricity and under influence of technical and 
economic interests of decentralization of power production. 
This section explains the entire process of solid fuel gasification. 
13.1. Basic principles 
Gasification is a thermochemical process in which a carbonaceous substrate is 
transformed into a fuel gas (producer gas or syngas) through series of reactions 
that occur in the presence of a gasifying agent (air, oxygen, water vapour or 
hydrogen) and low oxygen environment. 
The heating value of resulting fuel is less than the initial fuel for two reasons: 
- The mass of the new fuel is larger because is added the air and water 
mass, thus the energy is shared between more mass. 
- The process is leaking heat; the gas comes out hot so part of the original 
energy is lost. 
Efficiencies of gasification are between 60 and 90%. 
The producer gas fuels have basically two species: hydrogen and carbon 
monoxide, the remainder are inert. There are also small proportions of 
hydrocarbons, being the result of the volatile fraction of original biomass not 
subjected to enough temperature. 
Tars are a part of these hydrocarbons that condense or become solid at ambient 
temperature. Also as a result, there are ashes from the original biomass. 
During gasification takes place a sequence of reactions and processes 
schematized in Figure 8. 
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Figure 8: Gasification process scheme. 
As shown in this figure, a biomass particle entering in a gasifier initially 
undergoes a drying process followed by a thermal decomposing (pyrolysis or 
devolatilization). Subsequently, various reactions can take place solid-gas or gas-
gas between all present components, gasifying agent and products of drying and 
thermal decomposing steps (solids, steams and gases). The order of happening 
these steps and their relative significance will be determined primarily by the type 
of reactor and gasifying agent used. 
13.2. Gasification reactions 
From the thermochemical point of view, the main reactions taking place in a 
gasifier can be summarized in the following sequence. 
DRYING: 
(0) Wet biomass + heat → dry biomass + steam 
THERMAL DECOMPOSING: 
(1) Dry biomass + heat → char + tar + gases 
By heating, dry biomass is decomposed into a mixture of solid + liquid + gas. At 
this stage solid originated is usually called char, and liquids, due to the majority 
presence of tars and condensable steam are often called tars.  
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(2) Tar + heat → gases 
Part of tar becomes gas due to continuous heat application. Other remains as 
residual portion. 
REACTION WITH GASIFYING AGENT: 
(3) C +  O2 → CO    H25°C = -26,4 kcal/mol 
(4) C + O2 → CO2    H25°C = -94,0 kcal/mol 
(5) CO +  O2 → CO2   H25°C = -67,6 kcal/mol 
(6) H2 +  O2 → H2O   H25°C = -57,8 kcal/mol 
(7) CH4 + 2O2 → CO2 + 2H2O  H25°C = -191,8 kcal/mol 
(8) C2H4 + 3O2 → 2CO2 + 2H2O  H25°C = -317,2 kcal/mol 
These reactions take place in oxygen presence, when the gasifying agent is 
above mentioned gas or air. Through these reactions, due to its exothermic 
nature, generate the heat required to warm the reactant materials and produce 
the strictly gasification reactions, which are generally endothermic. Right column 
shows the amount of transferred energy by thermodynamic system to 
surroundings (enthalpy) [15]. Exergetic study is considered under normal 
conditions at 25ºC and 1 atm of pressure. 
GASIFICATION: 
(9)    C + H2O → CO + H2   H25°C = 31,5 kcal/mol 
(10) C + 2H2O → CO2 + 2H2  H25°C = 21,7 kcal/mol 
(11) C + 2H2 → CH4   H25°C = -18 kcal/mol 
(12) C + CO2 → 2CO   H25°C = 41,4 kcal/mol 
(13) CnH2n + H2 → CnH2n+2 
(14) CnHm + nH2O → nCO + (n +  )H2 
Reactions (9) to (14) represent the reduction phase, also known as gasification, it 
involves the conversion of the solid remaining of earlier stages into the producer 
gas. As described above, these reactions are mostly endothermic, justifying the 
energy input to process through the combustion of part of the biomass 
processed. 
SHIFT REACTION: 
(15) CO + H2O → CO2 + H2  H25°C = -9,8 kcal/mol 
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This reaction is known as water-gas shift reaction and is of great importance in 
gasification processes. The reversible gas phase has the tendency to shift 
towards reactants while temperature increases to chemical equilibrium, the state 
in which both reactants and products are present at concentrations which have 
no further tendency to change with time. This balances the concentrations of 
carbon monoxide, steam, carbon dioxide and hydrogen very fast at the 
temperatures a gasifier works. 
The result of all these reactions is: 
 Producer gas composed primarily of CO, H2, CO2, CH4, N2, H2O and 
some contaminants such as particles, tar, NH3, H2S, etc. 
 Solid residues: char (unreacted carbon) and ashes (inorganic biomass). 
13.3. Gasification processes 
Two criteria are usually considered for classifying biomass gasification, according 
to the gasifying agent and the relative movement between gasifying agent and 
solid, the last one characterizes the type of gasifier. 
13.3.1. Gasifying agents 
Gasification can be performed with different gasifying agents such as air, oxygen 
or steam, among others. 
 With air. Introducing an air defect regarding to stoichiometric required for 
complete combustion of biomass so the oxygen contained in air burns a 
portion of the processed biomass, thereby providing the energy required 
to maintain the process. When using air, the nitrogen contained acts as 
diluent of produced gas, therefore its heating value is low (<6 MJ/m3). 
This gas can be used as fuel in boiler burners, gas turbines or internal 
combustion engines. 
 With oxygen. The process is essentially the same as above, but the 
quality of producer gas is higher, as it is not diluted with nitrogen from the 
air. The heating value of producer gas tends to be in the range of 10-12 
MJ/m3. Applications are the same as in previous case, besides this can 
be used to obtain synthesis gas to methanol. 
 With steam. Gasification with steam is an endothermic process which 
produces a gas of average heating value (10-12 MJ/m3) enriched with 
hydrogen and carbon monoxide, therefore it can be used as synthesis gas 
for several compounds (ammonia, methanol, gasoline, etc.). 
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 With steam and oxygen. To provide the required energy for gasification 
process using steam, it can be introduced together with an oxygen 
amount, so that by partial combustion of processed biomass generates 
the energy to maintain the gasification process with steam. The heating 
value of producer gas decreases slightly compared to gasification with 
steam alone. Applications are the same as in previous case. 
 Other gasifying agents. Using other gasifying agents such as hydrogen, 
allows obtaining gasification gas with varied properties. In case of 
hydrogen, producer gas has high purity hydrogen and methane, it has a 
high heating value and is used as a substitute for natural gas. 
13.3.2. Gasifier types 
Considering the relative movement of the gasifying agent and solid gasified, is 
set a classification according to the type of reactor used in biomass gasification. 
 Fixed bed: the solid moves very slowly through the bed. Two possibilities: 
o Cocurrent: solid and gas move downward (downdraft). 
o Countercurrent: solid and gas move in opposite directions, the 
solid descends and gas ascends (updraft). 
 Fluidized bed: the solid is kept in suspension (fluidized) in the reactor by 
gas. There are a wide range of possibilities, mainly depending on gas 
velocity. Later versions extensively used are bubbling fluidized beds and 
circulating fluidized beds. There are also processes with two fluidized 
beds (twin) called dual reactor. 
 Others: there is also a variety of gasifiers-pyrolyzers with very different 
designs, although lesser used. There are gasifiers constituted by several 
serial reactors (they can belong to different types): screw, rotary kilns, 
entrained bed, etc. 
Next, are described the types of gasifiers which might be suitable to the project 
as first selection. Are detailed the processes that take place inside during 
gasification with oxygen or air, the most common gasifying agents for electricity 
generation purposes due to no specific element content needed into the producer 
gas.  
13.3.2.1. Updraft gasification 
It is the simplest form of fixed bed, called like this because solid supplied and 
producer gas move into bed in opposite directions, normally the solid downward 
and gas upward. Biomass comes from the top, where it meets the gases from the 
bottom originated by pyrolysis and reduction. The solid (biomass), as it descends, 
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encounters increasingly higher temperatures, so initially dried and then 
undergoes a pyrolysis or thermal decomposition. The new gases ascend along 
with the remaining original gases, also part of tars and condensable generated 
vapours. The char obtained in pyrolysis keeps dropping, encountering 
combustion gases and the gasifying agent, in the central area undergoes 
reduction process. By following descending to lower zone, the remaining solid 
encounters gasifying agent flow (oxygen), carrying out oxidation or combustion 
reaching very high temperatures in this area. 
 
Figure 9: Scheme of stages in an updraft gasifier [16]. 
The producer gas contains high amount of tar and hydrocarbons that contribute 
to raise its heating value. Since the producer gas temperature is low, between 70 
and 300ºC, the tar is found in particulate form into the gas. This is not a 
significant problem if the gas is used directly in heat production applications, 
where tars are simply burnt. However, whether the gas is to feed turbines or 
engines will be necessary installing a cleaning system. 
The main advantage of an updraft gasifier is its relative simplicity of construction 
and operation and high thermal efficiency. The sensible heat of the producer gas 
is recovered by direct contact heating biomass fed, which it is dried, heated and 
pyrolyzed before reaching the gasification zone. Moreover, the gas will have low 
solid content due to biomass particle size and slow gas velocity.  
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Although there is no significant limitation to scale, so far it has not been built large 
reactors of this type. 
13.3.2.2. Downdraft gasification 
In this case, the solid and gas move in the same direction, normally downward. 
The solid coming from the top successively undergoes drying and pyrolysis 
processes and encountering higher temperatures. Temperature increasing 
happens due to at the bottom is taking place combustion of pyrolysis products 
(chars and tars), releasing heat. These chars and tars are burned in combustion 
zone, leaving a part of unburned char, which keeps descending and undergoes 
reduction or gasification stage reacting with combustion gases. The producer gas 
is obtained at the bottom of the gasifier. 
 
Figure 10: Scheme of stages in a downdraft gasifier [16]. 
One of the most important features of this process is to obtain a producer gas 
with low tar content. This happens because tars (product of pyrolysis) are forced 
to go through an area of high temperature (oxidation) which are cracked or 
burned, reducing its proportion in producer gas. Generally, reducing the section 
of gasifier by a narrowing located slightly below the injection point of the gasifying 
agent, it assures that all tars generated cross the area of high temperature. 
This type of gasifier, besides being of simple construction and operation, allows 
acceptably to gasify relatively dry biomass (<30% moisture), grinded or 
pelletized, with dimensions between 1 to 10 cm. Is needed to keep a certain ratio 
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between particle size of processed biomass and diameter of gasifier, thing that 
limits processing capacity. The overall energy efficiency of the process is low due 
to high temperature of producer gas out of the gasifier (about 400-700ºC). 
A downdraft gasifier using air as gasifying agent appears to be the most suitable 
configuration for obtaining small scale of electricity since, as mentioned above, 
this type of gasifier produces a gas with low tar content and other condensable, 
which use a simple cleaning system greatly reducing overall process costs. This 
gas can be used directly in boiler burners and gas turbines, or, if previously 
cooled and cleaned, in internal combustion engines. 
13.3.2.3. Fluidized bed gasification 
In these reactors, do not exist defined areas where are carried out the different 
stages of gasification. Drying, reduction (or gasification), oxidation and pyrolysis 
take place simultaneously at every point of the reactor. When the particle enters 
in the reactor, immediately undergoes consecutive and simultaneously all these 
processes, therefore products of pyrolysis, oxidation and reduction coexist in the 
reactor. This happens because normally there is a cooperating solid present in 
the bed to enhance the fluid dynamics and heat transfer characteristics. Its high 
content in the bed (reaching values of up 98% compared to 2% of biomass) and 
high heating value (often used mineral products like sand or metal compounds) 
absorbs the variations that might occur in biomass features. This causes both 
temperature and level of conversion are uniform throughout the reactor.  
The fluidized bed, as opposed to fixed bed, presents high rate of heat and mass 
transfer, and a good mixture of the solid phase. These characteristics lead to high 
speed reaction. 
When using air as gasifying agent, producer gas obtained is low/medium tar 
content and large amount of particles and ashes, at a temperature between 800 
and 1000ºC. The unreacted char particles and ashes are entrained by the gas 
stream outside the reactor, being separated in most cases by cyclones. 
Fluidized bed reactors can be bubbling or circulating bed, as mentioned above. 
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13.3.2.3.1. Bubbling fluidized bed 
The bubbling fluidized bed (BFB) allows high capacity processing, fluidizing 
velocity is 2-3 m/s, presents simplicity regarding operation and control, 
investment costs are higher than fixed bed and its scaling is relatively simple and 
reliable. Only problematic point is the fuel distribution in large beds.  
13.3.2.3.2. Circulating fluidized bed 
In the circulating fluidized bed (CFB), fluidizing velocity is high enough (5-10 m/s) 
to entrain large amounts of solid along with the producer gas. Fluidization is 
quick, no bubbles, thereby enhancing heat and mass transfer, and speed of 
gasification process. The material circulates between the gasifier and a cyclone 
separator, where part of the solid is removed, recirculating the unreacted 
remainder. This type of reactor works with smaller particle sizes, which leads to 
an increase of contact surface and a decrease of internal diffusion resistance. In 
this way, is achieved a higher efficiency of carbon conversion than in a bubbling 
fluidized bed gasifier. Drawbacks compared to bubbling bed, there is more need 
of pretreatments to acquire smaller particle size and more load losses which 
means higher electric consumption. 
 
 
Figure 11: Schemes of bubbling fluidized bed (left) and circulating fluidized bed gasification 
(right) [16]. 
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13.3.3. Summary of reactor technologies 
In order to compare the different gasifiers, Table 2 shows a summary with the 
most important features of gasification systems. 
Fixed Bed Downdraft Fixed Bed Updraft 
 Simple construction 
 Low cost 
 Fuel moisture <30% (dry base) 
 Homogeneous and not too 
small biomass size 
 Relatively clean gas 
 Long-time residence of solids 
 Simple operation 
 Limited to small scale 
 Operating pressure: 1 - 30 atm 
 Simple construction 
 Low cost 
 Can process high moisture fuel 
 Not too small biomass size 
 Necessary a good gas cleaning 
system 
 Long-time residence of solids 
 Simple operation 
 Possible scaling 
 Operating pressure: 1 atm 
 
Bubbling Fluidized Bed Circulating Fluidized Bed 
 Complex construction 
 High cost 
 Fuel moisture <60% (dry base) 
 Biomass size small enough to 
fluidize 
 High reaction rates of the 
biomass 
 Good temperature control 
 Good contact and mixture of 
gas-solid 
 Simple operation 
 High capacity of processing 
 Easy scaling 
 Operating pressure: 1 – 70 atm 
 Complex construction 
 High cost 
 Biomass size small enough to 
fluidize 
 High reaction rates of the 
biomass 
 Good temperature control 
 Good contact and mixture of 
gas-solid 
 Complex operation 
 High capacity of processing 
 Easy scaling 
 Operating pressure: 1 – 70 atm 
 
 
Table 2: Summary of gasifier systems. 
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13.4. Supporting processes 
13.4.1. Feedstock preparation 
The different types of biomass are highly variable in shape, size, chemical 
composition, moisture, heating value, etc. Energy production from these 
resources has limitations due to, rather than its own nature, its heterogeneity. 
Pretreatments are a range of tasks or processes of conditioning and physical 
transformation that biomass resources undergo in order to be better used as fuel. 
Biomass properties that generally require pretreatment are: 
 Moisture content. Solid biofuels are characterized for presenting on 
occasions very important moisture content and for its hygroscopicity (like 
all vegetal matter), in another words, its ability to absorb and lose 
moisture according to surrounding circumstances in order to keep 
balanced moisture content. 
 Bulk density. It varies due to the level of compaction which has 
undergone, compressibility, as well as the moisture content. 
 Cohesiveness. Once the material is stored, it tends towards consolidation 
which can cause the creation of domes, tunnels, blockages, etc., that can 
result in an irregular download. 
13.4.2. Producer gas conditioning 
The contaminants in the producer gas tend to be mainly: 
 Particulate matter entrained from the gasifier. 
 Organic compounds of low and high molecular weight (tars). 
 NH3, HCN and other impurities containing nitrogen. 
 H2N and other sulphur-containing gases. 
 Other gaseous impurities such as HCl and vapor phase metals (heavy 
metals and alkali metals). 
Its concentration in the gas depends on various factors such as the type of 
reactor, biomass composition, gasifying agent, temperatures and residence times 
in different parts of process, presence or absence of catalysts, etc. 
All of these contaminants may cause subsequent problems of corrosion, erosion 
or environmental (emissions). The final gas utility is what establishes the 
cleanliness level required.  
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Table 3 show some main features of the producer gas obtained by the most used 
gasifiers. 
Type of 
reactor 
Gasifying 
agent 
Cold gas 
efficiency 
(%) 
Gas 
temperature 
(°C) 
HHV* of gas 
(MJ/m^3N) 
Tar 
content 
Particle 
content 
Downdraft 
air 70 - 90 400 – 800 4,0 - 6,0 very low moderate 
oxygen 80 - 90 700 - 1.000 9,0 - 11,0 very low moderate 
Updraft 
air 60 - 86 100 - 400 4,0 - 6,0 very high moderate 
oxygen 75 - 90 100 - 700 8,0 - 14,0 very high moderate 
BFB 
air 69 - 87 500 – 900 4,0 - 6,0 moderate high 
oxygen 75 - 90 700 - 1.100 8,0 - 14,0 moderate high 
CFB 
air 75 - 80 700 - 1.100 5,0 - 6,5 low very high 
oxygen 75 - 90 800 - 1.200 10,0 - 13,0 low very high 
 
*HHV: Higher Heating Value  
Table 3: Characteristics of producer gas in different gasification systems [17] 
Analysing the table, is observed that energy efficiency, defined as the ratio 
between energy contained in the final gas and energy contained in the biomass 
processed, can reach values of 90%. Concerning the heating value of output gas, 
the highest values are obtained when the gasifying agent is oxygen, because 
there is no dilution effect of nitrogen from the air. Finally, the highest purity of 
producer gas is obtained by downdraft; by updraft is obtained with important level 
of tars and by fluidized bed there is a significant presence of particles.  
14. PRODUCER GAS APPLICATIONS FOR POWER GENERATION  
The producer gas from the biomass gasification has diverse applications from the 
energetic viewpoint, encompassed within heat production, electricity generation 
or simultaneous production of both. Therefore, a gasifier must be integrated with 
some energy recovering system. 
This section describes energy recovering systems for power generation. 
14.1. Power generation by internal combustion engines 
Use of producer gas in internal combustion engines is the most feasible 
alternative for low power installations. A key issue is the gas cleaning, as the 
engines are sensitive to dust particles, tars and moisture, so the gas must be 
thoroughly purified and filtered. The gas which feeds the engine must comply with 
a number of requirements: heating value over 4,5 kJ/m3, tar content below 500 
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mg/m3, particle content below 20 mg/m3 and a temperature at suction point less 
than 60ºC [15]. 
14.2. Power generation by gas turbines 
For over 10MW of power, gas turbines are used rather than engines. Another 
alternative of increasing interest is Integrated Gasification in Combined Cycle 
(IGCC), although this system currently has operating problems of gas filtering 
process, filter blockage by condensation of tar.  
14.3. Power generation by a boiler combined with steam turbine 
By direct combustion of producer gas in a boiler, thermal energy is generated, 
which can be used for electricity production by the introduction of the steam in a 
steam turbine. The main advantage using boiler and steam turbine is the hot gas 
does not need to be thoroughly cleaned since the heat transfer from hot gas 
towards the steam is carried out indirectly through the evaporator wall, whereby 
the generated steam is not contaminated by combustion gases.  
Given the small scale of the biomass gasification plants using steam turbine, in 
comparison with usual processes for electricity obtaining by coal, the size of the 
turbines used determines a low efficiency method. It also exists the option of 
producer gas combustion for generating heat, for instance for hot water 
production, but it is unusual since it is preferable in this case direct combustion of 
biomass. 
14.4. Power generation by fuel cells 
A fuel cell is an electrochemical cell assembly in which the chemical energy of a 
fuel (consisting mainly of hydrogen) is converted continuously into electrical 
energy by an isothermal oxidation process, involving electrodes and an 
electrolyte. Theoretically, the energy conversion efficiency is very high (about 50-
65% using natural gas) because there is no intermediate heat production. The 
main constraint in the producer gas utilization for this purpose is the presence of 
impurities which can damage and shorten the life of fuel cells. The election of the 
gasification process and cleaning must be performed together with the selection 
of the fuel cell, so that the fractions containing in producer gas are suitable to be 
used for the fuel cell. 
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15. BARRIERS FOR BIOMASS GASIFICATION IN THAILAND 
Currently, the use of biomass energy presents certain obstacles to its commercial 
development in Thailand. In the short term, commercial implementation of 
biomass resource is affected by a lack of competitiveness and non-technical 
barriers. In the medium and long term, development of efficient and clean energy 
technologies and improved knowledge of properties and behaviour of biomass 
fuels, are the key points to locate this way of energy production within a 
framework of stable and competitive market.  
Technical and non-technical barriers must be overcome in order to achieve the 
feasibility of the project. 
15.1. Non-technical barriers  
One of the greatest barriers for commercial development of biomass is the lack of 
information between generators and users, this affects the level of trust and risk 
perception. 
Traditional fossil fuels with their highly developed markets and also integrated 
into the country’s energy structure are able to provide guarantees of supply, 
price, sale and maintenance conditions for equipments to the user. Meanwhile, 
the emerging market of biomass cannot ensure all these guarantees, which affect 
users in their decision about the adoption of biomass as an energy source. 
The lack of specific regulation and laws affects directly the development of this 
sector to move towards more efficient technologies providing positive perception 
to users. There are certain policies and plans which give guidelines and 
orientation in general, do not give determined parameters or criteria for energy 
generation from biomass source. 
A major obstacle for biomass gasification is the deficit of skilled manpower to 
operate the equipment. Considering that most of the technology is imported, 
often are not followed the procedure protocols forcing some plants to close down. 
15.2. Technical barriers  
The main technical limitation in biomass gasification is the lack of technological 
and industrial development in the country. Some universities have done pilot 
plants, but obtained negative results due to problems such as tar condensation, 
insufficient gas flow rates and gas properties, high ash content, etc. 
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High tar content in producer gas presents a big issue because of simple cleaning 
processes do not provide long term operational reliability and, besides it creates 
a serious environmental problem caused by large quantities of condensate 
produced in some types of gasifiers. 
To control the moisture content of biomass is a decisive parameter for the 
operational efficiency of the gasifier; it directly affects the reactor temperature and 
the final composition of the gas. 
Another problem is melting of bottom ash, which leads to slagging effects in the 
gasifier and other pipe lines. 
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16. BIOMASS USED AS FUEL 
As shown in section 12.2 of this document, in Northern regions and across the 
country as well, a great source of biomass is agriculture. Biomass from crops that 
can be used for energy or other non-human food purposes is residual biomass, 
either leaves, husk, straw, stalk, root…  
Residual biomass is used as fuel for the gasifier. In order to find out the suitable 
type of available residual biomass, these are assessed according to some 
parameters in section A1 of Annex document.  
For the evaluation, territory is divided by provinces such that each of them is self-
supplying its own biomass fuel. The reason to set this parameter is minimizing 
transportation and collecting costs. According that is a revaluated residue, there 
are costs related to remove trashes from the field, collection and transportation 
from the field or the mill to the power plant. Anyway these costs do not determine 
the amount of exploitable biomass residue as they are accepted while remaining 
low by self-supplier provinces. 
When choosing the suitable residue have been taken into account that the same 
residue is available in all provinces, so that the gasification technology can be 
transferred to every province. 
After conducting an energy study to define the residue which covers the needs 
(section A1 of Annex document), the result is rice husk. 
Table 4 exposes the conditioning factors in gasification process of rice husk. 
 
(ar: as received; daf: dry ash free; dry: dry base) (HHV: high heating value; LHV: low heating value) 
Table 4: Proximate and ultimate analysis and calorific value of rice husk [18]. 
  
 
Proximate Analysis Calorific Value Ultimate Analysis 
Fuel 
Moisture 
[wt%] 
(ar) 
Volatile 
[wt%] 
(daf) 
Ash        
[wt%] 
(dry) 
Fixed 
carbon 
[wt%] 
(dry) 
HHV      
[KJ/kg] 
(daf) 
LHV      
[KJ/kg] 
(daf) 
C           
[wt%] 
(daf) 
H              
[wt%] 
(daf) 
O               
[wt%] 
(daf) 
N                       
[wt%] 
(daf) 
S                   
[wt%] 
(daf) 
Rice husk 10,60 75,28 13,46 24,63 17.810 16.420 46,51 6,37 46,70 1,00 0,25 
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Table 5 reflects the quantity of rice husk generated in tonnes per year by 
province, intended to energy purposes. 
Province Rice husk  [t/year] 
CHIANG MAI 73.715 
LAMPHUN 18.358 
LAMPANG 46.559 
UTTARADIT 92.711 
PHRAE 30.419 
NAN 21.163 
PHAYAO 66.983 
CHIANG RAI 182.847 
MAE HONG SON 10.964 
 
Table 5: Available rice husk for energy purposes [19]. 
17. ANALYSIS OF THE PROCESS AND TECHNOLOGY REQUIRED 
The gasification process includes several stages since the biomass arrives at the 
power plant until its energy content is converted into electricity. 
First stage is biomass preparation and pretreatments in order to meet some 
particular conditions for introduction into the gasifier.  
Second stage is the gasification process itself, since biomass is input to the 
gasifier to the producer gas coming out through thermochemical reactions in an 
environment of low oxygen content. 
Third stage is conditioning of producer gas to suit the input quality requirements 
of the power generation system. 
Fourth and final stage is electricity generation; conditioned producer gas is 
introduced into the power generation system for electricity supply. 
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Figure 12: Basic process steps of a biomass gasification power plant. 
Source: www.renewablesplus.com. 
 
 
Figure 13: Stages of biomass gasification power plant. 
STAGE 1 
Preparation and pretreatment
• Obtaining of rice husk
• Transportation
• Preparation
• Pretreatment: drying
STAGE 2
Gasification
• Dosing 
hopper
• Downdraft 
gasifier
• Ash and 
water removal
STAGE 3
Gas conditioning
• Cyclon
• Venturi scrubber
• Dry cooler
• Sand bed filters
STAGE 4
Power 
generation
• Internal 
combustion gas 
engine
• Power 
generation 
system
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17.1. Preparation and pretreatment 
17.1.1. Collection and regional transportation 
As explained in previous section the biomass fuel is rice husk which is obtained 
in rice mills as residue. In most cases there is a shifting between rice mill and 
gasification power plant, reason why has been evaluated the self-supply capacity 
by province in section A1 of Annex document, reducing length of journeys and 
minimizing costs. 
17.1.2. Storage and pretreatment 
Once biomass has been transported to the gasification power plant, has to be 
stored in a clean and dry place, is recommended under an enclosed structure so 
that biomass is affected the least possible by air pollutants. When required, the 
biomass is prepared to undergo pretreatment before being gasified. 
Can be seen the standard properties of rice husk in previous Table 4. Because of 
tropical climate accompanied by high percentages of relative humidity, biomass 
can easily experience increases in moisture content during transport or storage. 
Another factor is that the accurate spot of the power plant is not defined, so the 
rate of moisture that is subjected the biomass is neither known. Therefore, 
natural drying while storage is dismissed; is installed a biomass dryer to ensure 
moisture content of the biomass for gasifier operating conditions, between 5 and 
15% (see Table 7). 
The process is designed by the dryer model FD600 of Infinite Energy. Product 
catalogue is attached in Annex document section A6. Table 6 shows its technical 
features. 
Brand INFINITE ENERGY 
Model FD600 
System type Pneumatic 
Capacity 550-750 kg/h 
Material to dry biomass 
Size < 25 mm 
Moisture content of input material  Max. 40% 
Moisture content of output material 10-12% 
 
Table 6: Technical characteristics of biomass dryer. 
Contact details of supplier are found in section 17.2.2. 
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Reasons to be chosen: 
• Chosen supplier for the gasifier. 
• Technological compatibility between pretreatment system and gasification 
process. 
• Provides systems of producer gas conditioning as well. 
Other pretreatments are not required because it is a residue of regular density 
and cohesiveness while storage, and size is maintained within allowable margins 
of the gasifier. It is slightly larger than a grain of rice, lengths up to 7 mm are 
possible. Typical dimensions are 4 to 6 mm. 
Biomass should retain its physical characteristics (moisture content, grain size, 
etc.) and chemical characteristics during time it takes for entering the gasifier. 
Continuous flow of biomass to the gasifier must be guaranteed when so required. 
17.2. Gasification process 
When biomass is already pretreated afterwards is introduced into the gasifier’s 
fuel feed hopper to start the process. 
17.2.1. Gasifying agent 
Can be used air or oxygen as gasifying agent. Introduction of air means 
decreasing properties of producer gas because of dilution of nitrogen in the air. 
With oxygen is obtained a higher quality gas and better tar cracking. 
However, air is chosen as gasifying agent for the next reasons: 
•  Downdraft gasifiers produce a gas with low tar content and other 
condensable being enough simple cleaning system. 
•  Internal combustion engines allow low calorific power gas. 
17.2.2. Gasifier 
As describes section 13.3.2 of this document, there are several biomass 
gasification technologies to be under consideration for the project. An 
assessment is made regarding the criteria which influence the gasification 
process and the overall project. Section A2 of Annex document explains the 
procedure of the assessment and also reveals that the suitable technology is 
downdraft gasification due to it has a number of advantages over others for this 
project. Considered parameters in making the decision and properly justified in 
the same annex are: 
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• Quality of producer gas 
• Energy efficiency of producer gas 
• Efficiency in small scale 
• Simple operation 
• Low sensitivity to moisture 
• Low sensitivity to biomass size 
• Low cost 
Is conducted a search of suppliers that can satisfy the requirements of the 
project, a list of them is attached in Annex document section A9. Technical and 
operational features of downdraft gasifier offered by each one are thoroughness 
examined. 
The process is designed by the downdraft gasifier fuelled by rice husk model PG-
150 of Infinite Energy. Product catalogue is attached in Annex document section 
A7. Table 7 shows its technical features. 
Brand INFINITE ENERGY 
Model PG-150 
Capacity 40 kW 
Min. continued operation 150 hours 
INPUT: BIOMASS FUEL 
Type of biomass Rice husk 
Consumption 65 - 80 kg/h 
Size Average rice husk 
Moisture content min. 5% max. 15% 
OUTPUT: PRODUCER GAS 
Gas volumetric flow  165 m3/h 
Temperature Up to 700 ºC 
Low heating value 1200 kcal/m3 
Composition 
CO (20-25%) 
H2 (8-10%) 
CH4 (2-4%) 
CO2 (8-10%) 
N2 (50-55%) 
 
Table 7: Technical characteristics of downdraft gasifier. 
Gasifier acquisition includes: fuel feeding system, fuel feed hopper, ash removal 
system and bottom water through water pumping system, battery powered start-
up system and gas conditioning systems (See Annex document section A7). 
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Contact details of supplier are as follows: 
Company INFINITE ENERGY PRIVATE LIMITED 
Address 
First Floor, Baba House 
149-A, Kilokri                       
110014 New Delhi (India) 
Contact person Naval Kishore 
E-mail infenergy@gmail.com 
Web Site http://www.infiniteenergyindia.com/ 
 
Table 8: Contact details of downdraft gasifier supplier. 
Reasons to be chosen: 
• Fulfillment of project requirements. 
• Distribution in Thailand. 
• Provides biomass pretreatment systems and gas conditioning systems. 
• Good value for money. 
• Quality and quantity of information provided. 
• Quality assurance. 
• Maintenance and repair service. 
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17.3. Conditioning of producer gas 
The gas produced in the reactor is conditioned to protect the subsequent 
equipments from erosion, corrosion and also to reach the proper temperature. 
The gas flow through conditioning systems is shown in Figure 14. 
 
Figure 14: Gas flow through conditioning systems. 
17.3.1. Cleaning system 
Producer gas has particulate matter and tar content. Cleaning systems must be 
able to leave the gas at sufficiently low level of impurities allowed for the engine. 
A combination of cyclone with granular (sand) bed filters is recommended for 
high and medium temperature gas cleaning [20]. 
• Cyclone 
At the way out of the gasifier, producer gas is conducted to the cyclone as first 
cleaning step where the hot gas is filtered with a 96% of efficiency for particles 
over 10 µm size. At the exit of the cyclone the gas has less than 80 mg/m3 of 
particulate matter. 
• Sand bed filters 
This is the step prior to the gas inlet to the engine. These security filters have 
collection efficiencies of 99%, consisting of a coarse filter capable of collecting 
particulate matter with a diameter smaller or equal to 10 µm (PM10) and a fine 
filter which collects diameters smaller or equal to 2,5 µm (PM2,5). 
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17.3.2. Cleaning and cooling system 
• Venturi scrubber 
When leaving the gasifier, the producer gas has on high temperatures around 
700 ºC. This unit, through indirect contact of water, is responsible of decreasing 
until reach condensation temperatures which allows cleaning by entraining 
particles and tars. Venturi scrubber removes particles in a range of 0,1-1 µm with 
efficiency of 95% and tar separation is approximately 90%. 
17.3.3. Cooling system 
The gas must be under controlled conditions of temperature and humidity before 
introduction to the internal combustion engine. 
• Dry cooler 
Second heat exchanger whose function is to reach a controlled outlet 
temperature of the gas by a refrigeration dryer to avoid further condensation. Gas 
outlet temperature is 27-30 ºC and humidity under 40%. 
All cleaning and cooling equipment are provided by the same supplier of the 
gasifier as standard parts of it. The acquisition involves a gas pumping system. 
Contact details of supplier are as follows in section 17.2.2. 
Reasons to be chosen: 
• Chosen supplier for the gasifier. 
• Technological compatibility between gasification process and conditioning 
systems. 
• Provides systems of biomass pretreatment. 
17.4. Electricity production 
The final stage of process is electricity generation. For this, gas pumping system 
evacuates the gas from last filters and delivers cold and clean producer gas to 
the generation set at the required pressure.  
To perform this action is required technology using gas as fuel, through 
intermediate operations is obtained electricity as final outcome. Annex document 
section A3 describes the assessment of available technologies for power 
generation, is used the same method as in gasification technology assessment, 
but in this case are considered following criteria: 
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• High electrical efficiency 
• Low power installation 
• Technological availability 
• Low emissions 
• Cogeneration possibility 
The most advantageous technology for project purpose is internal combustion 
gas engine. A search of suppliers is carried out and is done a selection of offer 
internal combustion gas engine together with alternator for transforming 
mechanical into electrical energy, in another words a complete generation set. 
List of suppliers able to provide mentioned set is attached in Annex document 
section A9.  
After analysing technical and operational characteristics, is chosen the 
generation set model JEDB60-200N of Jiamphattana Energy. Product catalogue 
is attached in Annex document section A8. Table 9 shows its technical features. 
Brand GUASCOR 
Model JEDB60-200N 
Capacity 40 kW 
Operating hours 4.000 h/year 
Cooling system by water 
INPUT: PRODUCER GAS 
Quality O2 (<2%) 
H2 (<40% of LHV)  
C4+ (<2%) 
NH3 (<1,5 mg/MJ) 
Tars (no condensable 
admitted) 
Solid particle (<5µm) 
Consumption 120 m3/h 
Low heating value 1100-1670 kcal/m3 
Moisture content <60 % 
Temperature <80 °C 
OUTPUT: ELECTRICITY 
Generator capacity 40 kW 
Voltage 400 V 
Current 55 A 
P.F. 0,8 (lagging) 
Phase and connection 3-phase, 4-wire 
 
Table 9: Technical characteristics of generation set. 
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Generation set acquisition includes: power generation, ignition system JEC-200, 
automatic gas control, electrical and electronic equipment GENSYS 2.0 (See 
Annex document section A8). 
Contact details of supplier are as follows: 
Company JIAMPHATTANA ENERGY INTERNATIONAL CO LTD    
Address 191 Moo 8 Salakaw                                                              72210 Muang Suphanburi (Thailand) 
Contact person Suthep Srisupphatpong 
E-mail suthep.s@jiam-energy.com 
Web Site http://www.jiam-energy.com/eng/ 
 
Table 10: Contact details of generation set supplier. 
Reasons to be chosen: 
• Fulfillment of project requirements. 
• Reliability of manufacturer GUASCOR. 
• Distribution in Thailand. 
• Electrical equipment ready to external supply included. 
• Good value for money. 
• Quality and quantity of information provided. 
• Quality warranty. 
• Maintenance and repair service. 
18. REGULATION OF GENERATION AND DEMAND 
Like any process of power generation and supply, is necessary the management 
of electricity production so that adapts the availability of power plant to users 
demand. 
The framework of the project is in remote areas where energy needs are focused 
on daytime periods related to workday tasks. The power supply system is 
designed to cover the demand from 6:00-7:00 to 21:00-22:00 hours.  
To cope with demand fluctuations along 15 hours of power supply, the control 
system of the gasifier continuously regulates the generation of the gas to match 
the requirement of the generation set. Hence, no excess gas is generated. At 
night the connected engine is switched off, then the gasifier turns down to 30% 
capacity (minimum possible load) and the gas produced is flared in the flare 
burner provided with the system. The demand can reach 40 kW as peak value.  
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It is dismissed the possibility of storing producer gas produced at night in a 
holding tank for later sale, use in case of failure of gasifier or other uses because 
firstly the demand is covered, secondly there is night period of no power supply 
when maintenance and repair can be carried out and finally the danger involved 
in producer gas storage such as explosions. 
The gasifier remains working continuously and only is switched off twice a month 
for essential maintenance, between 6 and 8 hours, which can be done at night 
time to affect as little as possible users. Gas production begins in 10 minutes and 
reaching 100% of capacity after one hour of operation. The gas obtained during 
heating period is not suitable for the engine so is burned in the flare burner. 
The set of internal combustion gas engine and power generation system remains 
on during daytime supply period, it is turned off overnight. No carburation 
problems into the engine due to uniform quality of producer gas as long as quality 
requirements are kept in biomass regarding moisture content mainly. 
19. OPERATING CONDITIONS AND PRODUCTION 
This chapter describes the basic operational parameters as well as the 
production and consumption rates.  
19.1. Biomass feedstock 
The raw material is a crucial point to reach the final output power. To ensure the 
optimal operation of the machinery and consequently supplying the energy 
demanded, is required annually the amount of rice husk showing Table 11. 
Consumption gasifier 
[kg/h] 
Operating hours 
[h/year] 
Annual Consumption 
[tonne/year] 
80 5.475 438 
 
Table 11: Annual rice husk consumption. 
19.2. Electricity consumption 
The gasification power plant is sized to cover energy demand up to 40 kW. 
Energy needs are divided into two groups: 
• External demand: requested by end-users, as requirement of the project 
is estimated that can reach up to 30 kW of peak value. 
• Internal demand: requested by intrinsic elements of the installation. The 
power plant consists of several equipments that require an electricity 
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source to operate, such as the biomass dryer, components related to the 
gasifier and cleaning and cooling systems. In Table 12 these are related 
along with its consumption. 
Equipment Consumption [kW] 
Biomass dryer 3,50 
Gas blower 1,25 
Biomass agitator 0,50 
Ash auger 0,25 
2 x Cooling fan 1,00 
Water pump 0,55 
Cleaning and cooling systems 3,00 
TOTAL 10,05 
 
Table 12: Auxiliary consumption of power plant equipment. 
Returning to the beginning of the project, the aim of this is to supply 
energy to villages that for reasons of geographical location and lack of 
accessibility do not have connection to the national electrical grid. 
Therefore, the energy consumption of additional equipment of the 
installation must also be covered by the energy produced in the plant. 
The power plant is designed to be able to supply 40 kW divided into 30 kW for 
selling to third parties and 10 kW for the operation itself. 
Should be noted that electricity production does not begin until after a certain 
time when the gasifier produces gas suitable for the engine, as specified in 
section 18 of this document. Meanwhile, booting of equipment is carried out by a 
battery provided by the manufacturer of the gasifier, the same as for other 
auxiliary equipment (biomass dryer and conditioning systems). The manufacturer 
is the designer of the battery to cope the starting-up and the time until the 
producer gas has enough quality for the engine. It is important to mention that 
while the gas is not conducted to the conditioning systems and the engine, these 
remain off, thus extending battery life. Once the gas has the ideal conditions, 
proceed to complete the system start-up and electricity production. Then the 
auxiliary consumption is covered by own production and the battery is recharged. 
One last point to clarify is the lighting of the plant. Spotlights are required and are 
recognized as an element in the Budget document. However, they are not 
considered part of the regular energy consumption because of the plant 
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operation is stipulated for daytime, are installed basically for nightly maintenance 
or occasional need. 
19.3. Annual electricity production 
The annual production of electric power considering that the plant operates at full 
load for 15 hours a day every day of the year is 219.000 kW. As shown in Table 
13. 
Operating hours [h/year] Power [kW] Annual Production [kWh/year] 
5.475 40 219.000 
 
Table 13: Annual electricity production. 
20. ENERGY AND MASS BALANCES 
This chapter shows the energy and mass balance results on the main equipment 
of the power plant. Calculations are in Annex document section A4. 
20.1. Downdraft gasifier 
The gasifier has two different inputs: biomass and gasifying agent.  
Once the rice husk has been dried enters the gasifier by the feed hopper under 
conditions shown in Table 14. 
 
Symbol Value Unit 
Rice husk mass flow mhusk 80 kg/h 
Available power of rice husk Phusk 264,22 kW 
Temperature of rice husk Thusk 30 °C 
 
Table 14: Biomass input data. 
Regarding the second input, air in this case, the flow which enters into the 
gasifier is related to the amount of oxygen required for gasification. This 
parameter is obtained by an equivalence ratio (ER) which relates oxygen 
required for gasification with oxygen used in complete combustion. Is taken 0,3 
as recommended value of ER [21]. Calculations are found in section A4.1.2 of 
Annex document. 
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The air input conditions are in Table 15. 
 
Symbol Value Unit 
Air mass flow mair 103,09 kg/h 
Available power of air Pair 8,78 kW 
Temperature of air Tair 30 °C 
 
Table 15: Gasifying agent input data. 
Mass and energy outputs of the gasifier are also two: producer gas and residual 
matter. Table 16 shows the output conditions of producer gas. 
 
 
Table 16: Producer gas output data. 
From the gasification process is resulting residual matter in the form of ash and 
char (possible unburned). Output parameters are in Table 17. 
 
Symbol Value Unit 
Ash and char mass flow mash&char 9,69 kg/h 
Available power of ash and char Pash&char 2,50 kW 
Temperature of ash and char Tash&char 700 °C 
 
Table 17: Residual matter output data. 
Mass and energy balance of the gasifier PG-150 are summarized in Table 18. 
 
Input mass [kg/h] Input energy [kW] 
Rice husk 80,0 264,2 
Air 103,1 8,8 
TOTAL 183,1 273,0 
 
 
 
 
Output mass [kg/h] Output energy [kW] 
Producer gas 173,4 229,9 
Ash and char 9,7 2,5 
Losses 0 40,6 
TOTAL 183,1 273,0 
 
Table 18: Mass and energy balance of gasifier PG-150.  
 
Symbol Value Unit 
Gas mass flow mgas 173,42 kg/h 
Available power of gas Pgas 229,90 kW 
Temperature of gas Tgas 700 °C 
LHV of gas LHVgas 1200 kcal/m3 
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RICE HUSK 
mhusk = 80 kg/h 
Phusk = 264,22 kW 
Thusk = 30 ºC 
AIR 
mair = 103,09 kg/h 
Pair = 8,78 kW 
Tair = 30 ºC 
PRODUCER GAS 
mgas = 173,42 kg/h 
Pgas = 229,90 kW 
Tgas = 700 ºC 
LHVgas = 1.200 kcal/m3 
ASH AND CHAR 
mash&char = 9,69 kg/h 
Pash&char = 2,50 kW 
Tash&char = 700 ºC 
LOSSES 
Plosses = 40,6 kW 
Below, in Figure 15 are represented schematically mass flow and energy inputs 
and outputs of the gasifier, as well as the temperature of each one. 
 
 
 
 
 
 
 
Figure 15: Inputs and outputs of the gasifier. 
The efficiency of the gasifier when is working at full load is 87%. 
20.2. Generation set 
The generation set has two different inputs: producer gas used as fuel and air 
used for internal combustion. 
Once the producer gas has been cleaned and cooled, it is introduced into the 
engine under conditions in Table 19. 
 
Symbol Value Unit 
Gas mass flow mgas 126,12 kg/h 
Available power of gas Pgas 167,20 kW 
Temperature of gas Tgas 30 °C 
LHV of gas LHVgas 1200 kcal/m3 
 
Table 19: Producer gas input data. 
As in the gasifier, it requires supply of air, but in this case, the amount to cause 
complete combustion inside the gas engine. The air enters with the parameters 
shown in Table 20. 
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Symbol Value Unit 
Air mass flow mair 586,89 kg/h 
Available power of air Pair 50,01 kW 
Temperature of air Tair 30 °C 
 
Table 20: Air input data. 
The outputs of the engine are two as well: electric energy as expected product of 
the entire process and exhaust gases. 
In Table 21 there is the net electric power generated. 
 
Symbol Value Unit 
Output power Pelectric 40,00 kW 
 
Table 21: Electric energy output data. 
From combustion within the engine derives as residual product hot gases mainly 
composed of carbon monoxide. The characteristics of these gases are in Table 
22. 
 
Symbol Value Unit 
Exhaust gases mass flow mex.gas 713,01 kg/h 
Available power of exhaust gases Pex.gas 170,37 kW 
Temperature of exhaust gases Tex.gas 550±30 °C 
 
Table 22: Exhaust gases output data. 
Mass and energy balance of the generation set JEDB60-200N are summarized in 
Table 23. 
 
Input mass [kg/h] Input energy [kW] 
Producer gas 126,1 167,2 
Air 586,9 50,0 
TOTAL 713,0 217,2 
 
 
 
 
Output mass [kg/h] Output energy [kW] 
Electric energy 0 40,0 
Exhaust gases 713,0 170,4 
Losses 0 6,8 
TOTAL 713,0 217,2 
 
Table 23: Mass and energy balance of generation set JEDB60-200N. 
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PRODUCER GAS 
mgas = 126,12 kg/h 
Pgas = 167,20 kW 
Tgas = 30 ºC 
LHVgas = 1.200 kcal/m3 
AIR 
mair = 586,89 kg/h 
Pair = 50,01 kW 
Tair = 30 ºC 
ELECTRIC ENERGY 
Pelectric = 40 kW 
 
EXHAUST GASES 
mex.gas = 713,01 kg/h 
Pex.gas = 170,37 kW 
Tex.gas = 550±30 ºC 
LOSSES 
Plosses = 6,8 kW 
Next, in Figure 16 are represented schematically mass flow and energy inputs 
and outputs of the generation set, as well as the temperature of each one. 
 
 
 
   
 
 
Figure 16: Inputs and outputs of the generation set. 
The efficiency of the generation set is 24%. This is a standard value for internal 
combustion engines operating with producer gas, the efficiency of these 
machines oscillates between 15% and 25% [21]. 
20.3. Overall efficiency 
The overall efficiency of the power plant is 15%. This is a relatively low value so 
that indicates it requires a large amount of input energy relating to the usable 
output energy. One of the main reasons of the low overall efficiency is the internal 
combustion gas engine since its average efficiency is quite low, leading to lower 
general efficiency. 
However, in the context where the project is carried out, are taken into great 
account factors such as the abundance of raw material, the small-scale 
generation and the availability of technology among others, heading to make this 
technology the appropriate considering its disadvantages of lesser importance.  
The use of other kind of machinery with higher efficiency does not adapt to 
project specifications as demonstrated in Annex document section A3. 
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21. STUDY OF COGENERATION 
Cogeneration is a technology whereby is obtained electric and thermal energy 
simultaneously. This chapter describes the conditions for possible future 
adaptation of the power plant to cogeneration technology (CHP, Combined Heat 
and Power). The study aims to provide guideline for upcoming projects, it 
includes efficiency factors and feasibility approach, as well as an hypothetical 
application of thermal use.  
Due to further development and expansion of rural areas where is installed the 
power plant, new needs may arise and some of them may be related to small 
industrial processes requiring thermal energy. 
The designed gasification power plant generates thermal energy non-exploitable 
so far, it can be recovered and become productive. The major flow of this energy 
is released by the internal combustion engine as exhaust gases. Other 
equipment generating to a lesser extent is the dry cooler. To carry out the study 
is taken known data of heat flow released by the engine.   
Table 24 shows the representative parameters of CHP in the power plant. 
Calculations are in Annex document section A5. 
 
Symbol Value Unit 
Electrical efficiency ƞWe 15,14 % 
Thermal efficiency ƞQu 64,48 % 
Heat-electricity ratio HER 4,26 
 
Factor of energy use FEU 79,62 % 
Equivalent electrical yield EEY 53,39 % 
 
Table 24: Efficiency parameters of cogeneration. 
Electrical efficiency and thermal efficiency are kept in the standard range of 
values for CHP in internal combustion engines fuelled by producer gas [22]. 
Thermal efficiency is always higher in this type of engines due to the significant 
energy content of exhaust gases. Heat-electricity ratio is in the acceptable 
average. Factor of energy use is the parameter which gives the general efficiency 
of CHP plant; is perceived that it is increasing regarding to the overall efficiency 
of the initial power plant (see section 20.3 of this document) due to use of thermal 
energy that was previously dismissed.  
The equivalent electrical yield quantifies the efficiency of the CHP plant in terms 
of its exploitation. This element is often used as conditioning factor to determine 
the feasibility of CHP plant. Some countries set a minimum EEY percentage for 
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legal establishment of the plant. In Spain it is 30% for CHP plants of this same 
nature in accordance with Royal Decree 661/2007 of 25 May which regulates the 
activity of electricity production in special regime. In Thailand no specific 
regulations on, so to determine the feasibility of CHP plant it will be built on other 
influencing factors such as territorial context and resources it offers, economic 
situation and other possible alternatives. Worth making a specific study of 
feasibility since other CHP parameters are positive for installation and current 
EEY suggests that it is as well. 
A basic application of thermal energy by heat recovery is water heating. 
According to calculations in Annex document section A5.1, can be heated 
2.257,35 litres of water per hour from 30ºC to 95ºC.  
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22. ECONOMIC EVALUATION 
First, should be mentioned that profit making is not one of the basic objectives of 
the project. The aim is to cover needs at a price that allows financing the power 
plant, its operation and maintenance. 
The economic analysis is made in order to determine project acceptance in terms 
of economy, by the profitability of the project and the financing, as well as 
production cost and sale price per kWh. This chapter describes the conclusions 
of economic assessment detailed in document Budget. Monetary values are 
expressed in Thai Baht [฿], the official currency of the country. 
22.1. Cost of gasification power plant 
Table 25 shows the general cost of biomass gasification power plant, 
implementation and commissioning resources and project engineering. 
 
  Price [฿] 
Total execution 4.039.623 
Value Added Tax (VAT) at 7% 282.774 
TOTAL (VAT included) 4.322.397 
 
Table 25: Cost of the gasification power plant. 
The initial investment to be assumed by project promoter is ฿4.322.397. Prices of 
2013. 
22.2. Operating incomes 
The operating incomes are defined as the charges derived from the sale of 
electricity production and fees associated with the use of the infrastructure to 
third-parties. 
22.2.1. Electricity sale 
22.2.1.1. Policy framework 
The energy market in Thailand is in its beginnings of legal and economic 
adjustment, currently there are general guidance. According to article 1.7 of the 
Policy Statement of the Council of Ministers, energy prices must be suitable and 
fair to consumers and producers. 
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22.2.1.2. Annual energy production 
The energy generated in the power plant is the main value that determines many 
economic variables as well as the financing method, economic feasibility of the 
project and evidence of profit. Since it is the primary source of benefit, is crucial 
to know its production and economic profitability of its sale. 
The efficiency of a biomass gasification power plant is subject to many factors 
which may affect monthly production and consequently its ability to generate 
profits. 
The annual energy production is directly related to the demand of users as 
described in section 18 of Report document. Assuming demand conditions for 
which the plant is designed, the annual production of electric energy to sale is 
164.250 kWh. 
22.2.1.3. Electricity sales price 
In order to follow policy indications abovementioned, is taken as reference data 
on the 2012 announcement regarding electricity ratios of nationwide energy 
supplier company (Provincial Electricity Authority, PEA). Thus sought to create a 
stable, legitimate and equitable energy market. 
The sale of electricity in Thailand conducted by PEA is assessed such that the 
price of kWh increases as consumption rises, attempting to promote energy 
saving. In the present case, does not apply such a flexible rate, but is set an 
intermediate value of type 1 rate (residential use) as fixed price of kWh. This new 
model is adopted because power delivered per capita is low considering low 
energy requirements they demand in rural and remote areas.  
The sale price of kWh is ฿3,7362. This value is subject to variation in annual 
inflation. 
The prediction of incomes in terms of electricity sale amounts to ฿613.670. 
22.2.2. Service fee 
Following the same pattern as in section 22.2.1.3 of Report document, is taken 
as reference PEA ratios of type 1 for residential use. Is charged a service fee to 
each user connected to the system by way of contribution to the maintenance of 
the power plant and infrastructure in general.  
The service fee is set to ฿8,17 per month as national supplier company applies. 
This value is subject to variation in annual inflation. Assuming an average of 
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seven different connections of distinct users to the power plant, annual income 
prediction totals ฿684,60. 
22.3. Operating costs 
The operating costs are defined as the consumption of goods and services 
necessary for electricity production, maintenance and other activities resulting 
from the operation of the power plant, measured in money.  
22.3.1. Biomass feedstock 
The acquisition of raw material for the production of useful energy is a key factor 
for the operation of the plant. The context in which the project takes place, 
obtaining biomass is not problematic at all, in terms of availability and cost. 
However, since high amounts of biomass for the power plant are annually 
required as shown in section 19.1 of Report document, ends up being a 
significant sum and becoming an important fixed cost. 
According to Energy for Environment Foundation of Thailand, the price of rice 
husk in Northern provinces is ฿300 per tonne. This value is subject to variation in 
annual inflation. Nevertheless, it is possible that the farmer who owns a rice mill 
eventually offers rice husk free of charge to get rid of his waste. 
Anyway, the cost of biomass feedstock is ฿131.400 annually. 
22.3.2. Operation and maintenance 
Main operational tasks to be carried out regularly are biomass feeding, ash 
removal, filter matter removal and refilling. These are periodical tasks to be done 
approximately every 30 minutes.  
Scheduled essential maintenance twice a month for trouble-free, uninterrupted 
operation of the power plant conducted by skilled technician. 
Based on previous projects with similar features, operation and maintenance (O 
& M) costs are quantified at ฿0,322 per kWh produced. This value is subject to 
variation in annual inflation. Adding an annual cost of ฿70.518. 
22.3.3. Auxiliary energy consumption 
22.3.3.1. Energy consumption 
The electric energy of the plant is divided into three main points of consumption 
shown in the following table along with their energy consumption.  
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Points Consumption [kW] 
Biomass dryer 3,50 
Components related to the gasifier 3,55 
Cleaning and cooling systems 3,00 
TOTAL 10,05 
 
Table 26: Energy consumption. 
The maximum consumption of the gasification power plant in operation is 10,05 
kW, as stated in section 19.2. As explained in the same section, the additional 
consumption is self-supplied by the power plant while it is in normal operating 
conditions. For switching on, the system has a battery designed and provided by 
the manufacturer of the biomass dryer, the downdraft gasifier and cleaning and 
cooling equipment. 
22.3.3.2. Cost of energy consumption 
Power generation to meet the energy consumption of the power plant is an 
additional expense. In order to determine the production cost per kWh, known 
direct costs are added and divided by kWh produced as detailed in the following 
table. 
Direct costs Annual price [฿] 
Biomass feedstock 131.400 
O & M 70.518 
TOTAL 201.918 
 
Table 27: Cost of energy consumption 
Dividing the sum of annual direct costs by kWh produced in the same period is 
obtaining ฿0,922 per kWh as approximation of the production cost of kWh. This 
value is subject to variation in annual inflation. 
Therefore, the cost of auxiliary energy consumption self-supplied rises to ฿47.636 
annually. 
  
   
 
Rosa Pulido Vendrell 
REPORT 
DESIGNING OF GASIFICATION POWER PLANT FOR REMOTE AREA IN THAILAND 
 
66 of 142 
 
22.4. Subsidies 
The plan recently approved Alternative Energy Development Plan 2012-2021, 
presents in article 4.1.5 in reference to biomass as a renewable source for power 
generation, that incentive measures will be adjusted for investment from private 
sector appropriated with the situation. Particularly, this article explains that will be 
considered the requirement of supporting measures as additional amount or 
feed-in tariff (FIT) and renewable heat incentive (RHI) specially for Distributed 
Green Generation (DGG) project at a community level in particular. Being DGG a 
community energy station owned by a local energy enterprise which manages 
entirely the station. Also financial support will be prepared for efficiency 
improvement of the old biomass power plants for changing any low pressure 
boilers to high pressure boilers. 
Therefore, there are no fixed values for government financial aids, these are 
qualitatively quantified. The project does not have a defined location, it is a quite 
large area that is North of Thailand. Once proceed to the implementation of 
gasification power plant, it will have a specific spot and other variables that may 
affect the amount of the subsidy will be determined. 
It is recommended the establishment of DFF to fully access the subsidy. 
Regarding the financial support for the renovation of old biomass plants, the 
article refers only to boilers, it is important to clarify this issue with the relevant 
statutory body to ensure if applicable to power plants without boiler as this case 
is. 
Gasification processes are not under any specific circumstances. 
The possible subsidy is not considered in the economical calculations as the 
regulation suggests that it may change according to no specified variables. 
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22.5. Economic feasability 
This section presents a simulated balance of cash flows once the project is 
completed and in operation. Values are approximate because some of the 
economic variables depend on the demand and sale of electricity, these can 
fluctuate during the year. 
The shown case is only to reach economic conclusions (profitability of the project, 
payback). 
22.5.1. Economic hypothesis 
In order to make the simulation, has been considered a possible scenario which 
finally depends on project promoter collective or company to establish the 
financing that best conforms. 
For the simulation it is established a long-term bank loan with the following 
features: 
Type of interest: 7% 
Amortization period: 15 years 
This is a common type of financing in any bank of Thailand.  
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DATA OF PROJECT 
                                   Cost of power plant ฿4.322.396,51 
   
INCOME 
  
                                   Specific price 108,06 ฿/W 
 
Prediction electricity sale 613.670,85 ฿/year 
                                   Annual electricity production 219000,00 kWh/year 
 
Service fee 
 
684,60 ฿/year 
      
EXPENDITURE 
 
    
                        Biomass feedstock 131.400,00 ฿/year 
    
                        O & M 
 
70.518,00 ฿/year 
    
                        Auxiliary energy consumption 50.731,90 ฿/year 
ECONOMIC HYPOTHESIS 
 
 
Inflation rate 
 
3,00 %  Source: Bureau of trade and economic indices 
 
 
 
Electricity sale price 3,7362 ฿/kWh 
   
FINANCING 
 
BANK 
  
 
OWN CAPITAL 
 
                                   % of financing 80 % 
 
% of financing 
 
20 % 
                                   Amount of financing ฿3.457.917,20 
  
Amount of financing ฿864.479,30 
 
                                   Type of interest 7 % 
     
                                   Amortization period 15 years 
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CASH FLOW SIMULATION 
YEAR 0 1 2 3 4 5 6 7 
Cost of installation ฿4.322.396,51 
       
Biomass 
 
฿131.400,00 ฿135.342,00 ฿139.402,26 ฿143.584,33 ฿147.891,86 ฿152.328,61 ฿156.898,47 
Auxiliary energy consumption 
 
฿50.731,90 ฿52.253,85 ฿53.821,47 ฿55.436,11 ฿57.099,20 ฿58.812,17 ฿60.576,54 
O&M 
 
฿70.518,00 ฿72.633,54 ฿74.812,55 ฿77.056,92 ฿79.368,63 ฿81.749,69 ฿84.202,18 
Amortization 
 
฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 
Interests 
 
฿242.054,20 ฿225.917,26 ฿209.780,31 ฿193.643,36 ฿177.506,42 ฿161.369,47 ฿145.232,52 
TOTAL EXPENDITURE ฿4.322.396,51 ฿725.231,92 ฿716.674,47 ฿708.344,40 ฿700.248,54 ฿692.393,92 ฿684.787,76 ฿677.437,53 
Bank loan ฿3.457.917,20 
       
Electricity sale 
 
฿613.670,85 ฿632.080,98 ฿651.043,40 ฿670.574,71 ฿690.691,95 ฿711.412,71 ฿732.755,09 
Service fee 
 
฿684,60 ฿705,14 ฿726,29 ฿748,08 ฿770,52 ฿793,64 ฿817,45 
TOTAL INCOME ฿3.457.917,20 ฿614.355,45 ฿632.786,11 ฿651.769,70 ฿671.322,79 ฿691.462,47 ฿712.206,35 ฿733.572,54 
ANNUAL CASH FLOW -฿864.479,30 -฿110.876,47 -฿83.888,35 -฿56.574,70 -฿28.925,75 -฿931,44 ฿27.418,59 ฿56.135,01 
ACCUMULATED CASH FLOW -฿864.479,30 -฿975.355,77 -฿1.059.244,12 -฿1.115.818,82 -฿1.144.744,58 -฿1.145.676,02 -฿1.118.257,43 -฿1.062.122,42 
Outstanding amount of bank loan ฿3.457.917,20 ฿3.227.389,39 ฿2.996.861,58 ฿2.766.333,76 ฿2.535.805,95 ฿2.305.278,14 ฿2.074.750,32 ฿1.844.222,51 
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CASH FLOW SIMULATION 
YEAR 8 9 10 11 12 13 14 15 
Cost of installation 
        Biomass ฿161.605,43 ฿166.453,59 ฿171.447,20 ฿176.590,61 ฿181.888,33 ฿187.344,98 ฿192.965,33 ฿198.754,29 
Auxiliary energy consumption ฿62.393,83 ฿64.265,65 ฿66.193,62 ฿68.179,43 ฿70.224,81 ฿72.331,56 ฿74.501,50 ฿76.736,55 
O&M ฿86.728,25 ฿89.330,09 ฿92.010,00 ฿94.770,30 ฿97.613,40 ฿100.541,81 ฿103.558,06 ฿106.664,80 
Amortization ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 ฿230.527,81 
Interests ฿129.095,58 ฿112.958,63 ฿96.821,68 ฿80.684,73 ฿64.547,79 ฿48.410,84 ฿32.273,89 
 
TOTAL EXPENDITURE ฿670.350,90 ฿663.535,77 ฿657.000,31 ฿650.752,88 ฿644.802,15 ฿639.157,00 ฿633.826,60 ฿612.683,45 
Bank loan 
        
Electricity sale ฿754.737,74 ฿777.379,87 ฿800.701,27 ฿824.722,31 ฿849.463,98 ฿874.947,90 ฿901.196,33 ฿928.232,22 
Service fee ฿841,97 ฿867,23 ฿893,25 ฿920,05 ฿947,65 ฿976,08 ฿1.005,36 ฿1.035,52 
TOTAL INCOME ฿755.579,71 ฿778.247,10 ฿801.594,52 ฿825.642,35 ฿850.411,62 ฿875.923,97 ฿902.201,69 ฿929.267,74 
ANNUAL CASH FLOW ฿85.228,82 ฿114.711,33 ฿144.594,21 ฿174.889,47 ฿205.609,48 ฿236.766,97 ฿268.375,09 ฿316.584,29 
ACCUMULATED CASH FLOW -฿976.893,61 -฿862.182,28 -฿717.588,07 -฿542.698,60 -฿337.089,12 -฿100.322,15 ฿168.052,94 ฿484.637,23 
Outstanding amount of bank loan ฿1.613.694,70 ฿1.383.166,88 ฿1.152.639,07 ฿922.111,25 ฿691.583,44 ฿461.055,63 ฿230.527,81 -฿0,00 
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CASH FLOW SIMULATION 
YEAR 16 17 18 19 20 
Cost of installation 
     
Biomass ฿204.716,92 ฿210.858,43 ฿217.184,18 ฿223.699,70 ฿230.410,70 
Auxiliary energy consumption ฿79.038,64 ฿81.409,80 ฿83.852,10 ฿86.367,66 ฿88.958,69 
O&M ฿109.864,75 ฿113.160,69 ฿116.555,51 ฿120.052,17 ฿123.653,74 
Amortization 
     
Interests 
     
TOTAL EXPENDITURE ฿393.620,31 ฿405.428,92 ฿417.591,78 ฿430.119,54 ฿443.023,12 
Bank loan 
     
Electricity sale ฿956.079,19 ฿984.761,56 ฿1.014.304,41 ฿1.044.733,54 ฿1.076.075,55 
Service fee ฿1.066,58 ฿1.098,58 ฿1.131,54 ฿1.165,49 ฿1.200,45 
TOTAL INCOME ฿957.145,77 ฿985.860,15 ฿1.015.435,95 ฿1.045.899,03 ฿1.077.276,00 
ANNUAL CASH FLOW ฿563.525,47 ฿580.431,23 ฿597.844,17 ฿615.779,49 ฿634.252,88 
ACCUMULATED CASH FLOW ฿1.048.162,70 ฿1.628.593,93 ฿2.226.438,09 ฿2.842.217,58 ฿3.476.470,46 
Outstanding amount of bank loan 
     
CONCLUSIONS 
 
Payback 14 years 
 
  
 
NPV  ฿299.188,45 (20 years) Discount rate        8 % 
 
IRR  9,8% (20 years) 
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22.6. Conclusions 
The most influential factors on the decision to accept or reject the project are 
NPV (Net Present Value) and IRR (Internal Rate of Return). The positive value of 
NPV indicates that the project may be accepted, all expected cash flows 
discounted at a rate appropriate to the risk of the project exceeds the cost of 
making it. The IRR over the discount rate is also favourable to the acceptance of 
the project, indicates that it is profitable over the required rate. 
Finally, the acceptance of the project means a safe investment considering its 
profit objectives and expected life for the plant is 20 years, based in background 
experience. 
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23. ENVIRONMENTAL IMPACT 
Biomass gasification for power generation contributes to reduce emissions 
causing the greenhouse effect. Emissions of carbon monoxide from an engine 
fuelled by producer gas are significantly lower than those of a gasoline-powered 
engine due to the stoichiometric mixture for combustion. Expected hydrocarbon 
emissions are also lower compared to gasoline because of the relative absence 
of hydrocarbons in the producer gas [21]. 
The major pollutant of producer gas is condensed tar removed in cleaning the 
gas. Although downdraft gasifiers produce low tar content gas, this source can be 
controlled by ensuring the proper operation of the gasifier so that tar cracking is 
done correctly. For disposing collected tar, if filter is solid, they can be 
incinerated; if they are collected with water, waste heat can be used to 
concentrate the tars and after they can be gasified with the gasifier fuel. The best 
way to solve the disposal is prevention from the source; the driest biomass 
minimizes the production of condensates and consequently the need for cleaning 
systems to improve gas quality [21].  
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24. CONCLUSIONS AND SUGGESTIONS 
The advantages of power generation by biomass gasification are multiple and 
significant; on one hand the revaluation of a residue of great abundance in the 
country, the electrification of isolated villages and creation of jobs directly and 
indirectly related with power plants. On the other hand, this is an eco-friendly 
technology since it contributes to reduce emissions of CO2 and SO2 in the 
atmosphere. 
The chosen technology for the process is entirely imported due to technical 
barriers of industrial development in Thailand. This directly affects the economics 
of the project, so it becomes of special interest to promote manufacture of 
machines for gasification in order to lower initial investment in power plants using 
own-produced technology. The industry introduction brings new job opportunities 
and leads users and potential investors to get involved in emerging technologies, 
feeling more confident to their acceptance. 
The establishment of stable and regulated market of biomass turns useful to 
improve the future of gasification power plants, because large amounts of 
exploitable residue for energy purposes but lack of control of supply, mainly due 
to transportation, may disrupt energy production. The excess of residue in rural 
areas is indeed one key condition that makes this project or other similar feasible.  
The volume of losses in form of exhaust gases is a point to keep in mind for 
future heat needs, turning the current installation into a cogeneration plant, 
providing new and better efficiencies and energy flows that assist and facilitate 
technological development of rural communities. 
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A1. ASSESSMENT OF AVAILABLE BIOMASS 
Table 28 relates the amount of biomass for energy purposes is available by 
province, once subtracted the amount addressed to other uses such as animal 
feeding, organic, fertilizer, etc. The latest version recorded is in 2011. 
Although agricultural production directly related with residue obtaining may be 
variable over the years, it’s taken as valid data to start the study the 
chronologically nearest one, according to the historical evolution the production 
and therefore the residue tends to rise (see Figure 7 of Report document). 
Crops considered are the most productive in Northern provinces. 
The first step to determine the suitable residue for the gasification plant is to 
ensure there is enough energy potential to cover the estimated needs. Energetic 
needs are set by province, as well as energy potential looking for self-supply of 
biomass residue, in this way is avoided high transportation costs that would mean 
loss of resource because of low exploitability or hardly affordable.   
In order to reveal that, raises a hypothesis of the worst possible energetic 
situation: constant demand of 30 kW along the day. Assuming that each province 
has 15 remote areas where might be profitable to install a gasification power 
plant, it requires 10,80 MWh per province. 
	
			 = 	
	 ∙ 	     (Eq. 1) 
Another important point is that gasification technology chosen should be 
transferable to all provinces, to fulfil this condition the energy potential must be 
enough for only one type of residue. 
So far, some of the residues are dismissed to be not under requirements. The 
rejected are marked in red on Table 28. 
The candidates of biomass fuel are rice residues, maize residues, and soybean 
residues. 
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Table 28: Available energy potential by type of biomass residue in Northern provinces [19]. 
 
Biomass available (t/year) 
Crop Type of residue CHIANG MAI LAMPHUN LAMPANG UTTARADIT PHRAE NAN PHAYAO CHIANG RAI MAE HONG SON 
Rice 
Straw 353.889 88.078 223.555 445.120 146.029 101.565 321.505 877.724 52.662 
Husk 73.715 18.359 46.560 92.711 30.419 21.163 66.984 182.847 10.964 
Maize 
Stalk, top and leave 74.551 55.896 46.544 12.191 111.743 313.092 116.634 255.287 3.674 
Corn cob 17.992 13.481 11.225 59.678 26.961 75.544 28.154 61.597 881 
Soybean Stalk, leave and shell 32.666 644 6.326 8.949 19.968 7.315 552 7.154 17.621 
 
Table 29: Available biomass per year by province [19].
1 ktoe = 11,63 GWh Energy potential in 2011 (GWh) 
Crop Type of residue CHIANG MAI LAMPHUN LAMPANG UTTARADIT PHRAE NAN PHAYAO CHIANG RAI MAE HONG SON 
Rice 
Straw 1.696,70 422,29 1.071,82 2.134,11 700,13 486,95 1.541,44 4.208,20 252,49 
Husk 336,22 83,74 212,36 422,87 138,75 96,53 305,52 833,99 50,01 
Sugar cane 
Bagasse 15,70 0,00 180,85 794,68 16,05 0,00 0,00 0,00 0,00 
Top and trash 22,68 0,00 261,09 1.147,42 23,26 0,00 0,00 0,00 0,00 
Maize 
Stalk, top and leave 363,44 272,49 226,90 59,43 544,75 1.526,32 568,59 1.244,53 17,91 
Corn cob 80,71 60,48 50,36 267,72 120,95 338,90 126,30 276,33 3,95 
Cassava 
Stalk 0,00 0,00 3,72 25,24 2,44 0,00 10,58 25,82 0,00 
Root 0,00 0,00 2,91 19,65 1,86 0,00 8,26 20,12 0,00 
Pineapple Stalk 0,00 0,00 179,45 126,42 0,00 0,00 1,51 175,96 0,00 
Soybean Stalk, leave and shell 165,15 3,26 31,98 45,24 100,95 36,98 2,79 36,17 89,09 
   
 
Rosa Pulido Vendrell 
ANNEX 
DESIGNING OF GASIFICATION POWER PLANT FOR REMOTE AREA IN THAILAND 
 
80 of 142 
 
In Table 29 is shown the quantity of available biomass related to the energy 
potential by the expression above. 
1	ktoe	 = 	41,868 · 10)	MJ 
	
			,- = .//	 ∙ 012,- ⁄                 (Eq. 2) 
Being Low heating value (LHV), one of the properties of each residue shown in 
Table 30. 
 
(ar:as received; daf: dry ash free; dry: dry base) 
Table 30: Proximate and ultimate analysis and calorific value of potential feedstock [18]. 
Regarding the chosen gasifier and its operational characteristics in section 0 of 
this document, is taken into account the consumption of biomass with capacity of 
supply shown in Table 29. Then: 
Max. consumption	of	gasifier = 80	kg h⁄  
Operating	hours	at	full	load = 15	h day⁄  
Consumption	per	year	in	15	remote	areas = 6570	t year	per	province⁄  
Last result leads to dismiss some feedstock candidates marked in red on Table 
29.  
Giving rice straw and rice husk the suitable biomass residue in availability terms.  
In operational terms, is chosen rice husk due to its relatively constant and small 
size, regular shape and density, avoiding pretreatments such as grinding and 
densifying.  
The biomass fuel used is rice husk.  
 
Proximate Analysis Calorific Value Ultimate Analysis 
Fuel 
Moisture 
[wt%] 
(ar) 
Volatile 
[wt%] 
(daf) 
Ash        
[wt%] 
(dry) 
Fixed 
carbon 
[wt%] 
(dry) 
HHV      
[KJ/kg] 
(daf) 
LHV      
[KJ/kg] 
(daf) 
C           
[wt%] 
(daf) 
H              
[wt%] 
(daf) 
O               
[wt%] 
(daf) 
N                       
[wt%] 
(daf) 
S           
[wt%] 
(daf) 
Rice 
Straw 8,52 80,92 15,5 19,08 18.610 17.260 50,43 5,83 43,18 1,13 0,16 
Husk 10,60 75,28 13,46 24,63 17.810 16.420 46,51 6,37 46,70 1,00 0,25 
Maize 
Stalk, top and 
leaves 8,02 78,65 5,47 21,35 18.860 17.550 47,50 5,98 45,55 1,14 0,14 
Corn cob 7,52 81,70 2,37 18,30 17.460 16.150 47,24 6,19 46,41 0,63 0,08 
Soybean Stalk,  shell 
and leaves 6,30 20,02 5,10 75,90 17.100 18.200 45,40 6,70 46,90 0,90 0,10 
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A2. ASSESSMENT OF GASIFICATION TECHNOLOGY 
In order to determine the gasification technology that suits the specifications and 
requirements of the project, is resorted to a decision matrix based on the 
following criteria which influence the gasification process and the overall project.  
Quality of producer gas: is important to obtain the producer gas as free as 
possible of tars and particles to be subsequently introduced into an internal 
combustion engine as justified in section 0 of this document. A highly polluted 
gas involves many conditioning processes. 
Energy efficiency of producer gas: ratio between energy contained in the final 
gas and energy contained in the biomass processed. 
Efficiency in small scale: is a low power plant therefore is of interest an efficient 
technology in small production.  
Simple operation: since the location of power plant is in remote areas not easily 
accessible are required simple daily operations to be carried out by unskilled 
manpower, minimizing the need of skilled technicians. 
Low sensitivity to moisture: due to tropical climate, occasionally the feedstock 
may content high levels of moisture. A technology with low moisture sensitivity 
saves intensive drying processes which are almost mandatory in such climates. 
Low sensitivity to biomass size: admits relatively larger sizes of biomass, 
simplifying pretreatments of grinding or splintering. 
Low cost: more affordable given the limited financial resources in northern region. 
Gasification technologies related on the top of Table 31 are based on known and 
developed processes leading to consider them. Internal processing and relevant 
features are described in section 13.3 of Report document. 
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 Downdraft Updraft BFB CFB 
Quality of producer gas  
   
Energy efficiency of producer gas  
   
Efficiency in small scale  
   Simple operation   
  
Low sensitivity to moisture 
  
 
 
Low sensitivity to biomass size   
  
Low cost   
  
 
(BFB: bubbling fluidized bed; CFB: circulating fluidized bed) 
Table 31: Decision matrix of type of gasifier 
The gasification technology which matches the requirements by far is downdraft. 
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A3. ASSESSMENT OF POWER GENERATION 
Several processes are considered to obtain electricity by producer gas (see 
section 14 of Report document). 
In order to make a proper evaluation is used decision matrix tool, which relates 
the technologies with the conditioning criteria of energy conversion. The 
mentioned criteria are justified as follows. 
High electrical efficiency: related with fuel utilization, producer gas in this case. 
This factor as higher means more energy contained in producer gas is converted 
into electrical energy, minimizing losses while processing. 
Low power installation: low output power so it leads to efficient small-scale power 
technologies. 
Technological availability: due to the purpose of the project, technology required 
must be well developed and available in geographical terms. 
Low emissions: following the trend of clean energy project and environmental 
awareness. 
Cogeneration possibility: further facing interests such as heat generation for small 
manufacturing processes. This is an important point to note regarding community 
development. 
 
Internal 
combustion 
engine 
Gas 
turbine 
Boiler +  
steam turbine Fuel cell 
High electrical 
efficiency  
  
 
Low power 
installation  
   
Technological 
availability    
 
Low emissions 
   
 
Cogeneration 
possibility    
 
 
(IGCC: Integrated Gasification in Combined Cycle) 
Table 32: Decision matrix of power generation 
The power generation technology which matches the requirements is internal 
combustion engine. 
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A4. CALCULATION OF ENERGY AND MASS BALANCES 
This annex justifies the mass and energy balances of main equipment of the 
gasification process and energy production. Starting values are taken from the 
manufacturer’s specifications. 
A4.1. Downdraft gasifier 
A4.1.1. Biomass input data 
Rice husk enters the gasifier by the feed hopper with the conditions shown in 
Table 33. Biomass is in normal conditions of pressure and temperature (P=1atm, 
T=30ºC). The calculation of available power of rice husk is obtained as describes 
equation Eq. 3. 
I/ = 012 · I/         (Eq. 3) 
Being LHV = 11.890 kJ/kg, low heating value in wet basis [18]. Although biomass 
has been dried prior to entrance into the gasifier, it always has certain moisture 
content. 
 
Symbol Value Unit 
Rice husk mass flow mhusk 80 kg/h 
Available power of rice husk Phusk 264,22 kW 
Temperature of rice husk Thusk 30 °C 
 
Table 33: Biomass input data 
A4.1.2. Gasifying agent input data 
A4.1.2.1. Air mass flow 
Table 34 shows the mass percentage of each constituent of rice husk on wet 
basis. Is used the next formula to adapt the data from Table 4 of Report 
document to actual wet basis (10% moisture content at the exit of the dryer). 
For ash:                                JK = JL
 MNOOPKNOO Q                                                  (Eq. 4)                 
For other components:  			JK = JLR MNOOPKPSKNOO Q                                                (Eq. 5)                         
Being, 
 TUV= component in wet basis 
TWXY= component in dry basis 
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TWZ[= component in dry ash free basis 
\UV= moisture percentage 
]UV= ash percentage in wet basis 
Component %mass (wb) 
C 36,22 
H 4,98 
O 36,37 
N 0,78 
S 0,23 
Ash 12,11 
H2O 9,30 
TOTAL 100 
 
Table 34: Calculation of mass percentage of rice husk components in wet basis. 
Next, calculations are performed to determine the stoichiometric amount of 
oxygen to produce complete combustion of a certain quantity of biomass and 
consequently, the quantity of air needed for this. 
 
%Mass 
(wb) 
Molar 
mass 
%Mass/ 
Molar 
mass 
Chemical 
oxidation 
reactions 
O moles 
for 
complete 
oxidation 
O 
stoichiometric 
moles for 
complete 
oxidation 
Com. 
[kg/100 kg 
rice husk] [kg/kmol] 
[kmol/ 
100 kg 
rice husk]  
 
[kmol/100 kg 
rice husk] 
C 36,22 12 3,02 
C + O2 → CO 
C + O2 → CO2 
CO + O2 → CO2 
2 6,04 
H 4,98 1 4,98 H2 + 

 O2 → H2O 0,5 2,49 
O 36,37 16 2,27 
 
-1 -2,27 
N 0,78 14 0,06 N2 0 0,00 
H2O 9,30 18 0,52 
 
0 0,00 
 
    
TOTAL 6,26 
 
Table 35: Calculation of stoichiometric moles of O consumed in complete oxidation. 
Air composition assumed is 21% O2 and 79% N2, giving a molar mass of 28,84 
kg/kmol. Considering that air contains molecules with two oxygen (O2), the moles 
of O2 needed are half of the moles of O calculated in Table 35. 
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Stoichiometric O2 moles for complete oxidation 3,13 kmol O2/100 kg rice husk 
Stoichiometric air moles for complete oxidation 14,89 kmol air/100 kg rice husk 
Stoichiometric air mass for complete oxidation 4,30 kg air/kg rice husk 
 
Table 36: Calculation of stoichiometric air mass for complete oxidation. 
Recall that the gasification occurs in low oxygen presence, so is applied an 
equivalence ratio (ER) in order to know the required oxygen to gasify related to 
the oxygen used in complete combustion.  
^ =
M _
	//	R`/I	L	K//	RQ/R
M _
	//	R`/I	L	K//	RQ/	

                             (Eq. 6) 
The ER taken is 0,3 [21]. 
ER 0,3 
 
Stoichiometric air per kg rice husk 4,30 kg air/kg rice husk 
Consumed biomass flow in gasification 80 kg/h 
Air mass flow 103,09 kg air/h 
 
Table 37: Calculation of air mass flow for gasification. 
ER is contrasted with the relation 4,30 kg air/kg rice husk for stoichiometric 
combustion and 1,29 kg air/kg rice husk for gasification. 
A4.1.2.2. Available power of air 
The calculation of available power of air is obtained by equation Eq. 7. 
abcd = ebcd · ` · f                                             (Eq. 7) 
Air mass flow mair 103,09 kg/h 
Specific heat capacity of air Cp
 
1,012 KJ/Kg·K 
Temperature of air T 303,15 K 
Available power of air Pair 8,78 kW 
 
Table 38: Calculation of available power of air. 
The compilation of air input conditions is shown in Table 39.  
 
Symbol Value Unit 
Air mass flow mair 103,09 kg/h 
Available power of air Pair 8,78 kW 
Temperature of air Tair 30 °C 
 
Table 39: Gasifying agent input data. 
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A4.1.3. Producer gas output data 
Output conditions of the producer gas are shown in Table 40. To calculate the 
gas mass flow is multiplied the gas volumetric flow in Table 7 of Report document 
with the gas density as describes equation Eq. 8. 
g = /h/                                                                   (Eq. 8) 
Is taken as density value (i) 1,051 kg/m3 of producer gas obtained in a previous 
experimental project. 
The calculation of the available power of gas is performed as shows equation Eq. 
9. 
/ = / · 012/                                                      (Eq. 9) 
  Symbol Value Unit 
Gas mass flow mgas 173,42 kg/h 
Available power of gas Pgas 229,90 kW 
Temperature of gas Tgas 700 °C 
LHV of gas LHVgas 1200 kcal/m3 
 
Table 40: Producer gas output data. 
A4.1.4. Residual matter output data 
The output conditions of the residual matter (ash and char) in conjunction are 
found in Table 41. The calculation of mass flow is carried out by multiplying the 
ash content in wet basis in Table 34 with the rice husk mass flow in Table 33.  
 
Symbol Value Unit 
Ash and char mass flow mash&char 9,69 kg/h 
Available power of ash and char Pash&char 2,50 kW 
Temperature of ash and char Tash&char 700 °C 
 
Table 41: Residual matter output data. 
The available power is calculated by the following equation Eq. 10. 
abjk&mkbd = ebjk&mkbd · ` · f                                            (Eq. 10) 
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Residual matter mass flow  mash&char 9,69 kg/h 
Specific heat capacity of res. mat. Cp*
 
1,327 KJ/Kg·ºC 
Temperature of res. mat. T 700 ºC 
Available power of residual matter Pash&char 2,50 kW 
 
* [26] 
Table 42: Calculation of available power of residual matter. 
A4.1.5. Efficiency and losses 
In order to find the gasification efficiency, the available energy of producer gas in 
Table 40 is divided of the available energy of rice husk in Table 33 as describes 
equation Eq. 11. 
ƞ = 
LI	
	/			
	II	^		I/			
	I	                                             (Eq. 11) 
The efficiency of the gasifier when is working at full load is 87%. 
Table 43 reveals the gasification losses. 
 
Input mass [kg/h] Input energy [kW] 
Rice husk 80,0 264,2 
Air 103,1 8,8 
TOTAL 183,1 273,0 
 
 
 
 
Output mass [kg/h] Output energy [kW] 
Producer gas 173,4 229,9 
Ash and char 9,7 2,5 
TOTAL 183,1 232,4 
 
 
 
LOSSES 0 40,6 
 
Table 43: Mass and energy balances of downdraft gasifier. 
A4.2. Generation set 
A4.2.1. Producer gas input data 
The producer gas is introduced into the internal combustion engine under the 
conditions shown in Table 44. To calculate the gas mass flow is multiplied the 
consumption of the engine in Table 9 of Report document with the gas density as 
describes equation Eq. 12. 
g = /h/                                                                (Eq. 12) 
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Is taken as density value (i) 1,051 kg/m3 of producer gas obtained in a previous 
experimental project. 
As well as in previous sections, the calculation of the available power of gas is 
performed as shows equation Eq. 13. 
/ = / · 012/                                                  (Eq. 13) 
 
Symbol Value Unit 
Gas mass flow mgas 126,12 kg/h 
Available power of gas Pgas 167,20 kW 
Temperature of gas Tgas 30 °C 
LHV of gas LHVgas 1200 kcal/m3 
 
Table 44: Producer gas input data. 
A4.2.2. Air for combustion input data 
A4.2.2.1. Air mass flow 
In order to know the amount of air needed for combustion, are conducted the 
suitable calculations to determine the stoichiometric oxygen required. In Table 45 
are found the components of the producer gas and the mass percentage of each 
one according to manufacturer’s specifications and also the abovementioned 
calculations. 
 
%Mass 
(wb) 
Molar 
mass 
%Mass/ 
Molar 
mass 
Chemical oxidation 
reactions 
O moles 
for 
complete 
oxidation 
O 
stoichiometric 
moles for 
complete 
oxidation 
Com. 
[kg/100 
kg gas] [kg/kmol] 
[kmol/ 
100 kg 
gas] 
  
[kmol/100 kg 
gas] 
CO 22,5 28 0,80 CO + O2 → CO2 0,5 0,40 
H2 9,00 2 4,50 H2 +  

O2 → H2O 0,5 2,25 
CH4 3,00 16 0,19 CH4 + 2O2 → CO2 + 2H2O 2 0,38 
CO2 9,00 44 0,20 
 
0 0,00 
N2 52,50 14 3,75 N2 + O2 → 2NO 1 3,75 
H2O 4,00 18 0,22 
 
0 0,00 
 
    
TOTAL 6,78 
 
Table 45: Calculation of stoichiometric moles of O consumed in complete oxidation into the 
engine. 
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In the same way as previous sections, is assumed an air composition of 21% O2 
and 79% N2; molar mass of 28,84 kg/kmol. The moles of O2 needed are half of 
the moles of O calculated in Table 45. 
Stoichiometric O2 moles for complete oxidation 3,39 kmol O2/100 kg gas 
Stoichiometric air moles for complete oxidation 16,14 kmol air/100 kg gas 
Stoichiometric air mass for complete oxidation 4,65 kg air/kg gas 
Stoichiometric air mass flow 586,89 kg/h 
 
Table 46: Calculation of stoichiometric air mass for complete oxidation into the engine. 
A4.2.2.2. Available power of air for combustion 
The calculation of available power of air is obtained by equation Eq. 14. 
abcd = ebcd · ` · f                                                     (Eq. 14) 
Air mass flow mair 586,89 kg/h 
Specific heat capacity of air Cp
 
1,012 KJ/Kg·K 
Temperature of air T 303,15 K 
Available power of air Pair 50,01 kW 
 
Table 47: Calculation of available power of air for combustion into the engine. 
The air input conditions into the engine are shown in Table 48.  
 
Symbol Value Unit 
Air mass flow mair 586,89 kg/h 
Available power of air Pair 50,01 kW 
Temperature of air Tair 30 °C 
 
Table 48: Air for combustion input data. 
A4.2.3. Electric energy output data 
Table 49 shows the output net power of the generation set according to design 
parameters. 
 
Symbol Value Unit 
Output power Pelectric 40,00 kW 
 
Table 49: Electric energy output data. 
A4.2.4. Exhaust gases output data 
The available power of exhaust gases is calculated by equation Eq. 15. 
aop.qbj = eop.qbj · ` · f                                               (Eq. 15) 
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Exhaust gases mass flow mex.gas 713,01 kg/h 
Specific heat capacity of exhaust gases Cp*
 
1,045 KJ/Kg·K 
Temperature of exhaust gases T 823,15 K 
Available power of air Pex.gas 107,37 kW 
 
             *Is taken an average value due to unknown exactly composition of gases. 
Table 50: Calculation of available power of exhaust gases. 
Exhaust gases are released under conditions in Table 51. 
 
Symbol Value Unit 
Exhaust gases mass flow mex.gas 713,01 kg/h 
Available power of exhaust gases Pex.gas 170,37 kW 
Temperature of exhaust gases Tex.gas 550±30 °C 
 
Table 51: Exhaust gases output data. 
A4.2.5. Efficiency and losses 
The calculation of the generation set efficiency is performed dividing the output 
electric energy in Table 49 with the energy of producer gas in Table 44 as 
describes equation Eq. 16. 
ƞ = 	
			
	II
LI	
	/			
	I	                                                (Eq. 16) 
The efficiency of the generation set is 24%.  
Table 52 shows the generation set losses. 
 
Input mass [kg/h] Input energy [kW] 
Producer gas 126,1 167,2 
Air for combustion 586,9 50,0 
TOTAL 713,0 217,2 
 
 
 
 
Output mass [kg/h] Output energy [kW] 
Electric energy 0 40,0 
Exhaust gases 713,0 170,4 
TOTAL 713,0 210,4 
 
 
 
LOSSES 0 6,8 
 
Table 52: Mass and energy balances of generation set. 
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A4.3. Overall efficiency 
The efficiency calculation of the complete process is performed dividing the 
output electric energy in Table 49 with the energy of input rice husk in Table 33 
as describes equation Eq. 17. 
ƞ = 	
			
	II^		I/			
	I	                                                      (Eq. 17) 
The efficiency of the overall process is 15%. 
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A5. CALCULATION OF COGENERATION STUDY 
To conduct the study of cogeneration is necessary to know the energy 
parameters that can supply the power plant, Table 53. From these, efficiencies 
and characteristic ratios of the plant are calculated as shows Table 54. 
 
Symbol Value Unit 
Electrical energy We 40,00 kW 
Thermal energy Qu 170,37 kW 
Fuel energy input F 264,22 kW 
 
Table 53: Energy parameters of power plant. 
The equations used are as follows: 
• Electrical efficiency 
ƞ	 =
	
r                                                              (Eq. 18) 
• Thermal efficiency 
ƞsI =
sI
r                                                              (Eq. 19) 
• Heat-electricity ratio 
1^ = sI	                                                           (Eq. 20) 
• Factor of energy use 
rt = 	usIr                                                      (Eq. 21) 
• Equivalent electrical yield 
v = 	
rP sIO,wO
                                                      (Eq. 22) 
 
Symbol Value Unit 
Electrical efficiency ƞWe 15,14 % 
Thermal efficiency ƞQu 64,48 % 
Heat-electricity ratio HER 4,26 
 
Factor of energy use FEU 79,62 % 
Equivalent electrical efficiency EEY 53,39 % 
 
Table 54: Efficiency parameters of cogeneration plant. 
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A5.1. Heat recovery application 
Thermal energy from the engine can be used to heat water. To calculate the 
quantity of water that can be heated is employed equation Eq. 23. 
xy = ezb{od · ` · (f| − fc)                                              (Eq. 23) 
Thermal energy Qu 170,37 kW 
Specific heat capacity of water Cp
 
4,18 KJ/Kg·K 
Final temperature of water Tf 368,15 K 
Initial temperature of water Ti 303,15 K 
Water mass flow mwater 2.257,35 kg/h 
 
Table 55: Calculation of water heated by cogeneration process. 
Assuming that initial temperature of water is 30ºC and the temperature expected 
is 95ºC, the cogeneration plant is able to heat 2.257,35 litres/hour of water. 
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A6. BIOMASS DRYER. TECHNICAL SHEET AND OTHER 
INFORMATION 
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A7. DOWNDRAFT GASIFIER. TECHNICAL SHEET AND OTHER 
INFORMATION 
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A8. POWER GENERATION SET. TECHNICAL SHEET AND OTHER 
INFORMATION 
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A9. LIST OF SUPPLIERS 
• Downdraft gasifier suppliers 
Company ANKUR SCIENTIFIC ENERGY TECHNOLOGIES PVT LTD 
Address Sama Road                                                                               390008 Baroda, Gujarat (India) 
Contact person Arman Massoumi 
E-mail arman.massoumi@gmail.com 
Web Site http://www.ankurscientific.com/ 
 
Table 56: Supplier 1 
 
Company THAI GASIFIER 
Address 4/466 Soi 18, Klong Kum                                                    10240 Bangkok (Thailand) 
Contact person Pasuchet Kruanak 
E-mail info@thai-gasifier.com 
Web Site http://www.thaigasifier.com/ 
 
Table 57: Supplier 2 
 
Company INFINITE ENERGY PRIVATE LIMITED 
Address 
First Floor, Baba House 
 149-A, Kilokri 
110014 New Delhi (India) 
Contact person Naval Kishore 
E-mail infenergy@gmail.com 
Web Site http://www.infiniteenergyindia.com/ 
 
Table 58: Supplier 3 
 
Company CHANDERPUR WORKS PVT. LTD. 
Address Jorian                                                                                       135001 Yamuna Nagar  (India) 
Contact person Sudhir Chandra 
E-mail info@chanderpur.com 
Web Site http://www.chanderpur.com 
 
Table 59: Supplier 4 
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• Internal combustion gas engine suppliers 
 
Company JIAMPHATTANA ENERGY INTERNATIONAL CO LTD     (Distributor of GUASCOR in Thailand) 
Address 191 Moo 8 Salakaw                                                              72210 Muang Suphanburi (Thailand) 
Contact person Suthep Srisupphatpong 
E-mail suthep.s@jiam-energy.com 
Web Site http://www.jiam-energy.com/eng/ 
 
Table 60: Supplier 5 
 
Company PRAKASH PVT. LTD. 
Address Foundry Nagar                                                              282006 Agra (India) 
Contact person Rahul Singh 
E-mail  mail@prakash-india.com 
Web Site http://www.prakash-india.com/ 
 
Table 61: Supplier 6 
 
Company CATERPILLAR LTD. 
Address 
4th Floor, 1760 Sukhumvit Road,                                  
Between Soi 52-54 Prakanong                                                                                 
10260 Bangkok (Thailand) 
Contact person   
E-mail services@metrocat.com  
Web Site http://southeastasia.cat.com/ 
 
Table 62: Supplier 7 
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B1. INTRODUCTION 
The implantation of renewable energies has generally a higher cost than 
technologies based on non-renewable energy (thermal, nuclear and others). 
Currently, renewable energies have increasingly presence as electrical 
generators due to economic policies promoting these technologies. 
The project of designing a gasification power plant for remote areas in Thailand 
provide improvements in the development of these communities in near future, 
placing the country closer to the latest technological changes in the field. 
Therefore, it is likely to contribute to the competitiveness of the country in 
general. 
The main objective of the project is not profit making, but rather the supply of 
electricity in rural and isolated villages. The margin of benefit obtained is 
allocated to the financing of infrastructure, operation and maintenance. 
The overall budget is in Thai Baht (฿), the official currency of the country.  
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B2. BUDGET 
B2.1. Partial budget 
 
Ref. Unit Item description Quantity Cost per unit [฿] Price [฿] 
1. BIOMASS GASIFICATION POWER PLANT 
1 u. 
Rice husk dryer FD 600. Includes: hot gas generator, material conveyor, 
dryer columns, dust collection system, electricals and control panel, 
instrumentation and supports. 
1 501.550,90 501.550,90 
2 u. 
Downdraft gasifier PG 150. Includes: thermal gasifier reactor, fuel feeding 
system, platform with ladders for fuel feeding, fuel feed hopper and agitator, 
ash and water removal system with water pumping system, gas 
conditioning system (cyclone, Venturi scrubber, dry cooler, sand bed filters), 
gas pumping system complete with piping and pump, flare burner and 
battery powered start up system. 
1 1.021.495,83 1.021.495,83 
3 u. 
Generation set JEDB60-200N. Includes: gas engine 6 cylinder, 12 valve 
turbo, mechanical support system vibration, alternator 'Stamford' 30kW, 
ignition system JEC-200, automatic gas control and electrical control box. 
1 1.050.000,00 1.050.000,00 
4 u. Electrical equipment GENSYS 2.0 1 170.000,00 170.000,00 
5 m Supporting structures for biomass storage, ladders and platforms railing. (UPCC Engineering & Manufacturing, Thailand) 1 60.500,00 60.500,00 
6 u. Lightning of plant (Company:Lighting&Equipment,Thailand) 8 3.680,00 29.440,00 
7 u. Protective switches, magnetic circuit breakers (MCB) and safety device. (Company: Safe-T-Cut, Thailand) 1 5.233,73 5.233,73 
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Ref. Unit Item description Quantity Cost per unit [฿] Price [฿] 
8 u. Electrical wire and cable for power distribution (Evereng, Thailand) 1 7.000,00 7.000,00 
9 u. 3-phase transformer 400/220 V (Evereng, Thailand) 1 75.000,00 75.000,00 
        TOTAL 2.920.220,46 
2. IMPLEMENTATION AND COMMISSIONING RESOURCES 
9 u. 
Facilities while erection of power plant: power and water connection, 
storage facilities, raw materials, tools for erection and commissioning, 
safety equipment and systems and other services.   
1 103.402,45 103.402,45 
10 h. Implementation and commissioning engineer  320 1.000,00 320.000,00 
11 h. Manpower (3 people) 960 100,00 96.000,00 
        TOTAL 519.402,45 
3. PROJECT ENGINEERING 
12 h. Project engineer 600 1.000,00 600.000,00 
        TOTAL 600.000,00 
 
 
 
 
   
 
Rosa Pulido Vendrell 
BUDGET 
DESIGNING OF GASIFICATION POWER PLANT FOR REMOTE AREA IN THAILAND 
 
142 of 142 
 
B2.2. Total budget 
 
  Price [฿] 
TOTAL BUDGET 4.039.623 
 
Not included machinery or equipment used for possible civil works such as site 
preparations, excavation, levelling, drainage, road construction. 
• Not included taxes, approval or permits by province or territory, if needed. 
• Not included cranes or lifting equipment, if needed. 
• Prices of 2013. 
 
 
